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Introduction 

This book has been prepared to give the user a concise list of all LSI Products 
offered by Monolithic Memories. It is divided by products into sections on Military 
Products Division, PROMs, PLE™ devices, PAL® devices, HAL®/ZHAL devices. 
System Building Blocks/HMSI™, FIFOs, Memory Support, Arithmetic Elements 
and Logic, Multipliers, 8-Bit Interface, Double- Density PLUS Interface, (CMOS 
products Included), Logic Cell Array, ECL10KH products and a General Informa- 
tion Section which has definition of Terms and Waveforms. Each section has been 
designed to allow the user the most useable format for the products described. 
Cross reference and selection guides are given where applicable. FIFO, PAL 
devices, System Building Blocks/HMSI™, Multipliers, 8-Bit Interface, Double- 
Density PLUS Interface and ECL10KH data sheets are shown in detail for each 
product. Advance Information Sheets are included to inform you of soon-to-be 
released products. This LSI databook was formatted with you, the user, in mind. 

For more information, contact the local Monolithic Memories sales representa- 
tive or franchised distributor. In section 19 of this book Monolithic Memories Sales 
Reps and Franchised Distributors are listed, for your convenience. 

Products listed in the Advance Information section were due for imminent 
release at the time of printing. Please contact Monolithic Memories for current 
availability and full parametric specifications. 
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Ordering Information 


Prices 

All prices are in U.S. dollars and are subject to change with- 
out notice. 

Terms 

70%/30 days, 30%/46 days from date of invoice, FOB 
Sunnyvale, California. 

Minimum Order Requirements 

For ail orders placed In the factory there is a minimum order 
requirement of $1000 ($100 per line item) except for the 
following: 

HAL* Circuits— A Non-Recurring Engineering (NRE) charge 
is made to cover mask and test vector generation. This charge 
may be amortized over the initial production commitment. 
Minimum production commitments and NRE charges are 
as follows: 


20 and 24 pin HAL 
devices: 

NRE 

MIN. 

ANNUAL QtY 

MIN. QTY 
PER DELY 

Combinatorial patterns 

$2.5K 

5,000 pcs 

2,000 pcs 

Sequential patterns 

$2750 

5,000 pcs 

2,000 pcs 

ZHAL™20/20A/24A 

MegaHAL™: 

$4K 

5,000 pcs 

2,500 pcs 

HAL32R16 

$5K 

2,500 pcs 

500 pcs 

ZHAL64R32 

$5K 

1 ,000 pcs 

200 pcs 


ProPAL™ Circuits— ProPAL circuits are programmed PAL 
devices which are functionally tested by Monolithic Memories 
prior to shipment. The NRE chargfe covers setup and test 
vector generation costs and may be amortized over the 
initial production commitment quantities. A nominal per unit 
programming and testing charge is also made and varies 
according to device type. NR Es and minimum order require- 
ments for ProPAL circuits are as follows: 

MIN. MIN.QTY 


20 and 24 pin devices: 

NRE 

ANNUAL QTY 

PER DELY 

Combinatorial patterns 

$500 

2,500 pcs 

500 pcs 

Sequential patterns 
MegaPAL™: 

$750 

2,500 pcs 

500 pcs 

PAL32R16 

$1K 

1 ,000 pcs 

200 pcs 

PAL64R32 

$1K 

500 pcs 

100 pcs 


General 

Unless Otherwise specified, the standard packages are “J” or 
“N” packages. In some instances the “D” package is the only 
package available. Other non-standard packages and military 
Level 883B devices not listed may be available. Contact a 
I sales representative of Monolithic Memories. Non-standard 
devices are considered nonreturnable by distribution to 
Monolithic Memories. 

In-House PROM Programming Guidelines 

1) Minimum Order Size. 

34K-8K 5K pcs/yr/pattern 
5CX) pcs/shipment 

i 1 6K--32K 2.5K pcs/yr/pattern 
! 250 pcs/shipment 


2) Lead Time: Initial code acceptance six weeks. 

Standard lead time plus two weeks after 
code acceptance. 

3) Cancellations: 60 Days 

4) Schedule Change: 30 Days 

6) Price Adder: 

A nominal per unit programming and testing charge is 
made and varies according to device type. Price includes 
ink marking with customer pattern number. 

6) Inputs: Truth Table, Paper Tape, Disk, Master; a com- 
bination of two inputs are required. If only one 
input is supplied, a sample lot must be signed 
off by the customer. 

Commercial/Industriai/Military Codes 

The letter codes “Cr “I,” and “M” are used to denote com- 
mercial, industrial, and military device limits as follows: 
Commercial— T a =0octo+75oc 
Vcc =5V±6% 

Industrial-TA = -40oC to +85oC 
Vcc =6V±10% 

Military-TA = -55oCto +126oC 
Vqc =6V±10% 

PackageCodes 

All devices ordered must Include a package code as a suffix 
to the part number. The package code definitions are shown 
below. 

PACKAGE 

CODE DESCRIPTION 

J Ceramic dual-in-line 

JS Ceramic dual-in-line 

SKINNYDIP® 

N Plastic dual-in-line 

NS Plastic dual-in-line 

SKINNYDIP?* 

NL Molded leaded chip carrier 

D Side brazed ceramic dual-in-line 

F FlatPack— Bottom Brazed 

L Leadless— Ceramic chip carrier 

T Inverted “D” package 

P Pin Grid Array 

W Cerpack 

See “Part Numbering Systems” for complete part descriptions. 


DIP Package Width Configuration 



300 mil 

600 mil 

900 mil 

16, 18, 20 pin 

N,J 



24 pin 

NS,JS 

N,J 


28, 40, 48, 52 pin 


N,J 


64 pin 



D 


Screening Options 


PROCESS LEVEL 

PART 

MARKING 

MIL-STD-883 


Method 5004 and 5005 

883B 

Level B 

(Suffix) 
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Ordering Information 


PAL® 

Programmable Array Logic Circuits 

PAL 16 L 8 B -4 C N STD H01234 

FAMILY TYPE— J 

PAL - Programmable Array Logic 
PAL10H = ECL 10KH Programmable Array Logic 
HAL = Hard Array Logic 
ZHAL = Zero-power Hard Array Logic 

NUMBER OF Array INPUTS— — — 

OUTPUT CELL- — — 

L = Active Low 

H = Active High 

C = Complementary 

P = Programmable Polarity 

RP = Registered Programmable Polarity 

S = Shared 

RS = Registered Shared 

X = Exdusive-OR 

A = Arithmetic 

VX = Varied lExclusive-OR 

RA = Registered Asynchronous 

G= Latched 

NUMBER OF OUTPUTS 

' SPEED'^ — — — — ^ ^ 

Blank = Standard 
A = High Speed 

B = Very High Speed 

D = Ultra High Speed 

POWER 1 

Blank = Standard 
-2 =1/2 Power 

-4 = 1/4 Power 

OPERATING CONDITIONS 

C = Commercial 
I = Industrial 
M= Military 

PACKAGE — — — 

N = Plastic DIP 
J =CeramicDIP 
NS = Plastic SKINNYDIP 
JS = Ceramic SKINNYDIP 
NL = Plastic Leaded Chip Carrier 
P = Pin Grid Array 
L = Leadiess Chip Carrier 
W ^Cerpack 
F = Hat Pack 

PROCESSING 

STD-Standard 
XXXX = Gth©r 

BIT PATTERN NUMBER . " . . ^ — 
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Ordering Information 


PLE™ 

Programmable Logic Element 


High Performance PROMs 


PLE5P8 C N STD 


PLE - Programmable 
Logic Element 


NUMBER OF INPUTS- 


OUTPUT TYPE - 


P = Programmable Polarity 
R = Registered 


NUMBER OF OUTPUTS- 


TEMPERATURE CODE- 
C = Commercial 
M= Military 


63S3281 A N STD 


PROCESSING 
STD = Standard 
XXXX = Other 

-PACKAGE 

N = Plastic DIP 
J = Ceramic DIP 
NS = Plastic SKINNYDIP 
JS = Ceramic SKINNYDIP 
NL = Plastic Leaded 
Chip Carrier 

L - Leadiess Chip Carrier 
W =Cerpack 
F = Rat Pack 


TEMPERATURE 
CODE 

6 = Commercial 
5 = Military 

PRODUCT 

3 = Programmable 
Read-Only Memory 
(PROM) 


FAMILY - 


ECL 10KH Logic 


S = Schottky 
RA = Registered 
Asynchronous 
RS = Registered 
Synchronous 
D - Diagnostic 
DA = Diagnostic 
Asynchronous 


MEMORY SIZE - 


MC 10H 101 NL 


STANDARD- 

PREFIX 


FAMILY - 


10KH = High-Speed 10K ECL 


-PACKAGE 

N - Plastic DIP 
J - Ceramic DIP 
NL = Plastic Leaded 
Chip Carrier 

-UNIOUE THREE-DIGIT 
PART NUMBER 


0 = 256 bits 8 = 8192 bite 

1 = 1024 bits 16 = 16384 bits 

2 = 2048 bits 32 = 32768 bits 
4 = 4096 bits 64 = 65536 bits 


NUMBER OF OUTPUTS - 


I — PROCESSING 

StD =? Standard 
XXXX = Other 


-PACKAGE 

N = Plastic DIP 
J = Ceramic DIP 
NS = Plastic SKINNYDIP 
JS = Ceramic SKINNYDIP 
NL = Plastic Leaded 
Chip Carrier 

L = Leadless Chip Carrier 
W = Cerpack 
F = Flat Pack 

-PERFORMANCE 
None = Standard 
A = Enhanced 

-OUTPUT DESIGNATOR 

0 = Open Collector 

1 = Three-State 

2 = Three-State 

(Alternate Enables) 

3 = Two-State 

5 = Alternate Pinout 


RFOs 


Memory Support/ Arithmetic/ 
HSMi/ 

Doubie-Density PLUS"^" interface 


C67401 A NL 


rJ' 


CASCADABILITY 
C 

Blank = Standalone 
TEMPERATURE CODE-* 
67 = Commercial 
PART NUMBER — 


X, 


SN54LS646 J 883B 


PACKAGE 
N = Plastic DIP 
J = Ceramic DIP 
NL= Plastic Leaded 
Chip Carrier 


-SPEED 

Blank = Standard 
A/B = Enhanced 


STANDARD — ' 

PREFIX 

TEMPERATURE CODE-^ 
74 = Commercial 
54 = Military 


FAMIL7 

S = Schottky 
LS = Low-Power Schottky 
ACT = Advanced CMOS, 
TTL-Compatible 


- Hi-REL SCREENING LEVEL 

883B = Mil-Std-883, Class B 

-PACKAGE TYPE 
J = Ceramic DIP 
L = Leadless Chip Carrier 
W = Cerpack 
NS= Plastic SKINNYDIP 
JS = Ceramic SKINNYDIP 
NL^ Plastic Leaded Chip Carrier 

- UNIQUE THREE-DIGIT 
PART NUMBER 


Monolithic 


Memories 


1-5 






Table of Contents 


Introduction 1-2 

Ordering Information 1-3 

Table of Contents 1-6 

Terms and Conditions of Sales 

(General Provisions) . . . . > . . ..... ... . . . . . .... 1-12 

Product Assurance Program 1-14 


MILITARY PRODUCTS DIVISION 

Table of Contents Section 2 2-2 

Introduction 2-3 

Standard Processing Flows . . 2-3 

Quality Programs 2-4 

Quality Assurance Product Qualification/ 

Quality Conformance Inspection (QCI) 2-4 

Prices 2-5 

Minimum Order Requirements . . 2-5 

Terms .... 2-5 

Commercial Code 2-5 

General ..... 2-5 

Package Code . . . . 2-5 

Dip Package Width Configuration 2-5 

In-House PROM Programming Guidelines 2-5 

Order Size 2-5 

Monolithic Memories Software 2-5 

JAN Program .......... 2-6 

M3851 0 [Part I Qualified Devices] Slash Sheet Cross 

Reference to Generic Part Number 2-6 

DESC Drawing Program 2-7 

DESC Drawing/Generic Part Type Cross Reference 2-7 

Generic Data: 2-10 

Manufacturing and Screening Locations 2-10 

Manufacturing Capabilities 2-10 

Process Audits 2-10 

AC Testing . . . , . . . . , . . , . . 2-10 

VIL/VIH Parametric Information . 2-11 

Electro Static Discharge 2-11 

Package Information ............. ....:. . . ....... 2-1 1 

Leadless Chip Carrier/Pin Grid Array 2-11 

Military Ordering Information 2-1 2 

PAL/PROM/PLE Programming Inputs ..... ... 2-12 

Minimum Order Guide Lines 2-12 

Cancellation Policy . 2-12 

Military Ordering Information . ... . .... 2-13 

PROMs 

Table of Contents Section 3 ..... 3-2 

PROM Performance Analysis ...... 3-3/4 

TiW PROM Family 

53/63S080 32x8 bit 3-5 

53/63S081 32x8 bit 3-5 

63S081A 32x8 bit 3-5 

53/63S140 256x4 bit . . . ............ 3-7 

53/63S141 256x4 bit 3-7 

53/63S141 A 256x4 bit 3-7 

53/63S240 512x4 bit 3-9 

53/63S24i 512x4 bit 3-9 

53/63S241 A 51 2x4 bit . . . 3-9 


53/63S280 256x8 bit .3-11 

53/63S281 256x8 bit 3-11 

53/63S281A 256x8 bit 3-11 

63S285 256x8 bit ..... .. 3-13 

53/63S440 1 024x4 bit . . 3-1 5 

53/63S441 1024x4 bit 3-15 

53/63S441 A 1 024x4 bit . 3-15 

53/63S480 512x8 bit 3-17 

53/63S481 51 2x8 bit 3-17 

53/63S481A 512x8 bit 3-17 

53/63S485 51 2x8 bit 3-19 

53/63S841 2048x4 bit 3-21 

53/63S841A 2048x4 bit 3-21 

53/63S881 1024x8 bit ............... . . . . 3-23 

53/63S881A 1024x8 bit 3-23 

53/63S1641 4096x4 bit 3-25 

53/63S1641A 4096x4 bit 3-25 

53/63S1681 2048x8 bit . 3-27 

53/63S1681A 2048x8 bit . . 3-27 

53/63S3281 4096x8 bit 3-29 

53/63S3281A 4096x8 bit ... .... 3-29 

Typical ICC vs Temperature/TAA vs Temperature 3-31 

Switching Test Load 3-37 

Definition of Waveforms 3-37 

Definition of Diagram 3-37 

Registered PROMs 

53/63RA481 51 2x8 bit Registered 3-38 

53/63RA481 A 512x8 bit Registered ... 3-38 

53/63RS881 1024x8 bit Registered 3-42 

53/63RS881 A 1024x8 bit Registered 3-42 

53/63RA1681 2048x8 bit Registered w/Asyn 

Enable ... 3-46 

53/63RA1681A 2048x8 bit Registered w/Asyn 

Enable . . . 3-46 

53/63RS1681 2048x8 bit Registered w/Sync 

Enable 3-50 

53/63RS1681A 2048x8 bit Registered w/Sync 

Enable 3-50 

Diagnostic Registered PROMs 

Switching Test Load 3-54 

Schematic of Inputs and Outputs 3-54 

Definition of Timing Diagrams 3-54 

Registered PROMs 

Switching Test Load 3-55 

Schematic of Inputs and Outputs ....... 3-55 

Definition of Timing Diagrams 3-55 

Diagnostic Registered PROMs 

53/63DA441 1024x8 bit Diagnostic Registered 3-56 

53/63DA442 1 024x8 bit Diagnostic Registered 3-56 

53/63DA841 2048x4 bit Diagnostic Registered 

with Asynchronous Enable 

and Output Initialization 3-65 

53/63D1641 4096x4 bit Diagnostic Registered 

Asynchronous Enable 3-72 

53/63DA1643 4096x4 bit Diagnostic Registered 

Output Initialization 3-79 

Monolithic Memories PROM Programmer Reference 
Chart 3-86 


m 


6 


Monolithic 


Memories 





Table of Contents 


PLE DEVICES 

Table of Contents Section 4 . . . 4-2 

PLE to PROM Cross Reference Guide ...... . . . . 4-2 

PLE Selection Guide 4-3 

PLE Means Programmable Logic Element . , ; . . . .... 4-4 

Registered PLE Circuits 4-4 

PLE ASM"" Software 4-5 

Logic Symbols 4-6 

Specifications 4-8 

Block Diagrams ......... . . . . ..... . . . , . . 4-14 

PLE Programmer Reference Chart .... . . 4-18 


PAL® Devices 

Contents for Section 5 5-2 

The PAL Device Information/The PAL Device 

Concept 5-4 

The PAL/HAL Description 5-17 

PAL Device Menu 5-19 

fMAX Parameters 5-21 

PAL/HAL Logic Symbols 5-22 

PAL/HAL Specifications 
Series 20 

10H8 Octal 10 Input And-Or-Gate Array 5-32 

12H6 Hex 12 Input And-Or-Gate Array 5-32 

14H4 Quad 14 Input And-Or-Gate Array ... 5-32 

16H2 Dual 16 Input And-Or-Gate Array 5-32 

16G1 16 Input And-Or-Gate Array ......... 5-32 

10L8 Octal 10 Input And-Or-Gate Array 5-32 

12L6 Hex 12 Input And-Or-Gate Array 5-32 

14L4 Quad 14 Input And-Or-Gate Array . . . 5-32 

16L2 Dual 16 Input And-Or-Gate Array 5-32 

Half Power Series 20-2 

10H8-2 5-33 

12H6-2 5-33 

14H4-2 5-33 

16H2-2 5-33 

16C1-2 5-33 

10L8-2 5-33 

12L6-2 5-33 

14L4-2 5-33 

16L2-2 5-33 

Series 20 

16L8 Octal 16 Input And-Or-Gate Array . . . . 5-34 

16R8 Octal 16 Input Registered 

And-Or-Gate Array ........... 5-34 

16R6 Hex 16 Input Registered 

And-Or-Gate Array 5-34 

16R4 Quad 16 Input Registered 

And-Or-Gate Array ....... 5-34 

16X4 Quad 16 Input Registered 

And-Or-Xor Gate Array ........... 5-34 

16A4 Quad 16 Input Registered 

And-Carry-Or-Xor Gate Array ...... 5-34 

Series 20A 

16L8A 5-35 

16R8A 5-35 

16R6A 5-35 

16R4A 5-35 

Series 20A-2 

16L8A-2 5-36 

16R8A-2 5-36 

16R6A-2 5-36 

16R4A-2 5-36 


Series 20A-4 (Quarter Power) 5-37 

16L8A-4 5-37 

16R8A-4 5-37 

16R6A-4 5-37 

16R4A-4 .... 5-37 

Series 20B Very High Speed Programmable Array 

Logic 5-38 

Series 20B-2 (Half Power) 5-39 

16L8B-2 5-39 

16R8B-2 ..5-39 

16R6B-2 5-39 

16R4B-2.... 5-39 

Series 20B-4 (Quarter Power) 5-40 

16L8B-4 5-40 

16R8B-4 5-40 

16R6B-4 5-40 

16R4B-4 .....5-40 

Series 20PA with Programmable Output Polarity . ... 5-41 

PAL16RA8 ...5-42 

Series 24 

12L10 Deca 12 Input And-Or-Invert Gate 

Array.... — .5-43 

14L8 OctaM 4 Input And-Or-Invert Gate 

Array .... ....... . 5-43 

16L6 Hex 16 Input And-Or-Invert Gate 

Array 5-43 

18L4 Quad 18 Input And-Or-Invert Gate 

Array 5-43 

2bL2 Dual 20 Input And-Or-Invert Gate 

Array 5-43 

20C1 20 Input And-Or-/And-Or Invert Gate 

Array 5-43 

PAL6L16A 5-44 

PAL8L14A 5-44 

Series 24A 

20L8A Octal 20 Input And-Or-Invert Gate 

Array 5-45 

20R8A Octal 20 Input Registered And-Or- 

Gate Array ..... . 5-45 

20R6A Hex 20 Input Registered And-Or- 

Gate Array .. 5-45 

20R4A Quad 20 Input Registered And-Or- 

Gate Array . . — 5-45 

Half-Power Series 24A-2 ....................... — 5-46 

Series 24B Very High Speed Programmable 

Array Logic ..... 5^47 

Series 24X 

20X10 Deca 20 Input Registered And-Or-Xor 

Gate Array 5-48 

20X8 Octal 20 Input Registered And-Or-Xor 

Gate Array . . 5-48 

20X4 Quad 20 Input Registered And-Or-Xor 

Gate Array 5-48 

2bL10 Deca 20 Input And-Or-Invert Gate 

Array 5-48 

Series 24XA 5-49 


MonoHihic RO Memories 


1.7 




Table of Contents 


Series 24RS 

20S10 Deca 20 Input And-Or-Array w/product 

term sharing 5-50 

20RS10 Deca 20 Input Register And-Or-Gate 

Array w/product term sharing 5-50 

20RS8 Octal 20 Input Register And-Or-Gate 

Array w/product term sharing ...... 5-50 

20RS4 Quad 20 Input Register And-Gr-Gate 

Array w/product term sharing 5-50 

PAL20RA10 Deca 20 Input Registered Async 

And-Or 5-51 

PAL32R16 1500 Gates 32 Inputs 16 Outputs 5-52 

PAL64R32 5000 Gates 64 Inputs 32 Outputs .......... 5-53 

PAL/HAL Waveforms 5-55 

Logic Diagrams 

10H8 5-56 

12H6 5-57 

14H4 5-58 

16H2 5-59 

16G1 5-60 

10L8 5-61 

12L6 5-62 

14L4 5-63 

16L2 5-64 

16L8 5-65 

16R8 5-66 

16R6 ^...... 5-67 

16R4 5-68 

16P8 i...... 5-69 

16RP8 5-70 

16RP6 5-71 

16RP4 5-72 

16X4 5-73 

16A4 . 5-74 

12L10 5-75 

14L8 5-76 

16L6 5-77 

18L4 5-78 

20L2 5-79 

20C1 5-80 

6L16A .....5-81 

8L14A 5-82 

20L8 ...5-83 

20R8 5-84 

20R6 5-85 

20R4 5-86 

20L10 5-87 

20X10 5-88 

20X8 5-89 

20X4 5-90 

20S10 . 5-91 

20RS10 5-92 

20RS8 5-93 

20RS4 5-94 

20RA10 5-95 

32R16 5-96 

64R32 5-97 

PAL Device Programmer Reference Guide 5-98 


HAL/ZHAL Devices 

ProPAL,™ HAL and ZHAL Devices: The Logical Solutions 


for Programmable Logic 6-3 

ZHAL™ 20A Series — Zero Power CMOS Hard 
Array Logic 6-6 


SYSTEM BUILDING BLOCKS/HMSI™ 

SELECTION GUIDE 

Table of Contents Section 7 7-3 

SN54/74LS461 A 8-Bit Counter .... ... .... 7-4 

SN54/74LS469A 8-Bit Up/Down Counter . ...... ..... . . 7-8 

SN54/74LS491A 10-Bit Counter . ..... ..... . . . . 7-12 

SN54/74LS450 16:1 Mux 7-16 

SN54/74LS451 Dual 8:1 Mux ...... . . . . . . 7-20 

SN54/74LS453 Quad 4:1 Mux . . . . . 7-24 

671492 Increment and Skip Counter ...... . , 7-28 

671493 2-Digit BCD Counter . 7-33 

671494 8-Bit Priority Encoder w/Regi6ter .... 7-37 

673480 SiBER (Single Burst Error 

Recovery 1C) ........ 7-41 


FIFOs 

Table of Contents Section 8 8-3 

FIFO Product Selection and Application Guide 8-4 

FIFOs: Rubber-Band Memories to Hold Your System 

Together 8-6 

74S225/A Asynchronous First-In First-Out Memory .... 8-11 

C57/67401 Cascadable 8-19 

C57/67401 A Cascadable . 8-19 

C67401B Cascadable 8-19 

C57/67402 Cascadable 8-19 

C57/67402A Cascadable 8-19 

C67402B Cascadable 8-19 

5/67401 Standalone 8-30 

5/67401 A Standalone 8-30 

67401 B Standalone 8-30 

5/67402 Standalone .... 8-30 

5/67402A Standalone 8-30 

67402B Standalone 8-30 

C67L401D 15 MHz (Cascadable) 8-40 

C67L402D 15 MHz (Cascadable) 8-40 

67L401 Low Power Memory 8-48 

67L402 Low Power Memory 8-56 

6741 3A 35 MHz (Standalone) ............... 8-64 

6741 3 35 MHz (Standalone) ... ... 8-64 

6741 1 A 35 MHz (Standalone) . ...... ...... 8-77 

67412A 35 MHz (Standalone) . . . . . . . 8-77 

67417 Serializing First-In-First-Out 

64x8/9 Memory ..... ... ...... 8-85 

C67L4033D 15 MHz (Cascadable) ............. 8-101 

C67L4013D 15 MHz (Cascadable) With Three- 

State Outputs . 8-1 1 1 


1-8 


Monolithic 


Cll 


MemoHes 





Table of Contents 


MEMORY SUPPORT 

Table of Contents Section 9 
SN54/74S730/-1 8-Bit Dynamic-RAM Driver 

w/ Three-State Output .......... 9-3 

SN54/74S734/-1 8-Bit Dynamic-RAM Driver 

w/ Three-State Output 9-3 

6731 02 256K Dynamic RAM Controller/ 

Driver 9-11 

6731 02A 256K Dynamic RAM Controller/ 

Driver 9-11 

673103 1 -Megabit Dynamic RAM Controller/ 

Driver ...... 9-28 

6731 03A 1 -Megabit Dynamic RAM Controller/ 

Driver 9-28 

673104 1 -Megabit Dynamic RAM Controller/ 

Driver 9-46 

6731 04A 1 -Megabit Dynamic RAM Controller/ 

Driver 9-46 

SN74S408/DP8408A 64K Dynamic RAM Controller/ 

Driver 9-64 

SN74S408-2/DP8408A-2 64K Dynamic RAM 

Controller/Driver 9-64 

SN74S409-2/DP8409A-2 256K Dynamic RAM 

Controller/Driver 9-77 

SN74S409/DP8409A 256K Dynamic RAM 
Controller/Driver .......... 9-77 

ARITHMETIC ELEMENTS AND LOGIC 

SN74S381 Arithmetic Logic Unit/Function Generator ... 10-3 


MULTIPLIERS 


SN54/74S344 8- Bit Buffers with 

Schmitt Trigger Input 1 2-22 

SN54/74LS245 8-Blt Buffer Transceiver . . . . ... ..... 1 2-30 

SN54/74LS645 8-Bit Buffer Transceiver 1 2-31 

SN74LS645-1 8-Blt Buffer Transceiver . 12-31 

SN54LS273 8-Bit Registers with Master Reset or 

Clock Enable .. ... .. 12-32 

SN54LS373 8-Bit Latch 12-36 

SN54S373 8-Bit Latch ..1 2-36 

SN54LS374 8-Bit Register ..... . ....... . . . . . . . ; 12-36 

SN54S374 8-Bit Register 12-36 

SN54/74S383 8-Bit Register with Clock Enable and 

Open-Collector Outputs ... . .... 12-41 
SN54/74LS533 8-Bit Latches, 8-Bit Registers 

with Inverting Outputs 12-45 

SN54/74LS534 8-Bit Latches, 8-Bit Registers 

with Inverting Outputs ....... 12-45 

SN54/74S533 8-Bit Latches, 8-Bit Registers 

with Inverting Outputs 12- 45 

SN54/74S534 8-Bit Latches, 8-Bit Registers 

with Inverting Outputs 12- 45 

SN74S531 8-Bit Latch, 8-Bit Register with 32 mA 

Outputs 12-‘50 

SN74S532 8-Bit Latch, 8-Bit Register with 32 mA 

Outputs 12-50 

SN74S535 8-Bit Latch, 8-Bit Register with 

Inverting, 32 mA Output 12- 54 

SN74S536 8-Bit Latch, 8-Bit Register with 

Inverting, 32 mA Output ..... 12-54 

SN54/74S818 8-Bit Diagnostic Register .......... 12-58 


Table of Contents Section 11 11-2 

Five New Ways to Go Forth and Multiply . . ...... 11-3 

SN74S516 16x16 Multiplier/Divider 11-8 

74S556 16x16 Flow-Thru™ Multiplier Slice 11-24 

SN74S557 8x8 High Speed Schottky Multipliers 1 1-37 

SN54/74S558 8x8 High Speed Schottky Multipliers ... 11-37 

INTERFACE 

Table of Contents Section 12 12-3 

8-Bit Interface Selection Guide 12-4 

Pick the Right 8-Bit or 16-Bit Interface Part for the Job . 12-5 

SN54LS240 8-Bit Buffers 12-16 

SN54LS241 8-Bit Buffers 12-16 

SN54LS244 8-Bit Buffers 12-16 

SN54S240 8-Bit Buffers 1 2-16 

SN54S241 8-Bit Buffers 12-16 

SN54S244 8-Bit Buffers 12-16 

SN54/74LS310 8-Bit Buffers with 

Schmitt Trigger Input 12-22 

SN54/74LS340 8-Bit Buffers with 

Schmitt Trigger input 12-22 

SN54/74LS341 8-Bit Buffers with 

Schmitt Trigger Input 12-22 

SN54/74LS344 8-Bit Buffers with 

Schmitt Trigger Input 12-22 

SN54/74S310 8-Bit Buffers with 

Schmitt Trigger Input 12-22 

SN54/74S340 8-Bit Buffers with 

Schmitt Trigger Input 12-22 

SN54/74S341 8-Bit Buffers with 

Schmitt Trigger Input 12-22 


DOUBLE-DENSITY-PLUS " INTERFACE 

Table of Contents Section 13 13-2 

Double-Density PLUS Selection Guide 13-4 

Small But Mighty; New Components Give You 

More Logic in Less Chips 13-5 

SN54LS245 8-Bit Buffer Transceiver 13-8 

SN54LS645 8-Bit Buffer Transceiver 1 3-1 1 

SN54/74LS546 8-Bit Bus Register Transceivers and 

Latch Transceivers 13-14 

SN54/74LS547 8-Bit Bus Register Transceivers and 

Latch Transceivers 13-14 

SN54/74LS566 8-Bit Bus Register Transceivers and 

Latch Transceivers 13-14 

SN54/74LS567 8-Bit Bus Register Transceivers and 

Latch Transceivers 13-14 

SN54/74LS646 8-Bit Bus Front-Loading-Latch 

Transceivers .... .13-34 

SN54/74LS647 8-Bit Bus Front-Loading-Latch 

Transceivers .... 13-34 

SN54/74LS648 8-Bit Bus Front-Loading-Latch 

Transceivers 13-34 

SN54/74LS649 8-Bit Bus Front-Loading-Latch 

Transceivers .... 13-34 

SN54/74LS651 8-Bit Bus Front-Loading-Latch 

Transceivers .... . 13-46 

SN54/74LS652 8-Bit Bus Front-Loading-Latch 

Transceivers ...13-46 

SN54/74LS653 8-Bit Bus Front-Loading-Latch 

Transceivers 13-46 


Monolithic 


(ill 


Mamories 


1-9 






Tabid of Contents 








Table of Contents 


PACKAGE DRAWINGS 

Table of Contents Section 18 18-2 

Side Brazed Package . 18-3 

48D Side Brazed Ceramic DIP 18-4 

Flat Pack 18-5 

20F Flat Pack 18-6 

Ceramic DIP ........... 18^7 

14J 18-8 

16J 18-8 

18J ........ ....... 18-9 

20J 18-9 

24JS 18-10 

24J 18-10 

28J 18-11 

40J 18-12 

Leadless Chip Carrier 18-13 

20L 18-14 

28L 18-14 

44L 18-15 

52L 18-16 

68L 18-17 

84L-1 18-18 

84L-2 18-19 

84L-2 Socket 18-20 

Cerpack 18-21 

16W ■ 18-22 

18W 18-22 

20W 18-23 

24W 18-23 


Pin Grid Array 18-24 

68P 18-25 

88P-1 18-26 

88P-2 18-27 

MoidedDIP 18-28 

16N 18-29 

18N 18-29 

20N 18-30 

24NS 18-30 

24N 18-31 

28N 18-31 

40N 18-32 

48N 18-33 

Molded Chip Carrier ......... — . 18-34 

20NL 18-35 

28NL 18-36 

44NL 18-37 

68NL 18-38 

84NL 18-39 

Top Brazed — 18-40 

24T 18-41 

Thermal Measurement 

Power Dissipation Determination 18-42 

Thermal Impedance Measurement Procedure — .... 18-42 

Thermal Characterization of Packages .......... . , 18-44 

Thermal Resistance Measurement Procedure — ... . 18-44 

Thermal Resistance Curves 1 8-45 

Representatives/Distributors 19-1 


monolithiis 



Memories 


1-11 





Terms and Conditions of Saie 


Monolithic Memories 
Terms and Conditions of Sale 
General Provisions 


1. ACCEPTANCE THE TERMS OF SALE CONTAINED HEREIN APPLY TO 
ALL QUOTATIONS MADE AND PURCHASE ORDERS ENTERED INTO BY THE 
SELLER. SOME OF THE TERMS SET OUT HERE MAY DIFFER FROM THOSE 
IN BUYER’S PURCHASE ORDER AND SOME MAY BE NEW. THIS ACCEPT- 
ANCE IS CONDITIONAL ON BUYER’S ASSENT TO THE TERMS SET OUT 
HERE IN LIEU OF THOSE IN BUYER’S PURCHASE ORDER. SELLER’S FAIL- 
URE TO OBJECT TO PROVISIONS CONTAINED IN ANY COMMUNICATION 
FROM BUYER SHALL NOT BE DEEMED A WAIVER OF THE PROVISIONS OF 
THIS ACCEPTANCE. ANY CHANGES IN THE TERMS CONTAINED HEREIN 
MUST SPECIFICALLY BE AGREED TO IN WRITING BUY AN OFFICER OF THE 
SELLER BEFORE BECOMING BINDING ON EITHER THE SELLER OR THE 
BUYER. All orders or contracts must be approved and accepted by the Seller at its 
home office. These terms shall be applicable whether or not they are attached to or 
enclosed with the products to be sold hereunder. 

2. TAXES Unless otherwise specifically provided herein, the amount of any pres- 
ent or future sales, revenue, excise or other tax applicable to the products covered 
by this order or the manufacture of sale thereof, shall be added to the purchase 
price and shall be paid by the Buyer, or in iieu thereof the Buyer shall provide the 
Seller with a tax exemption certificate acceptable to the taxing authorities. In the 
event Seller is required to pay any such tax, fee, or charge, at the time of sale or 
thereafter, the Buyer shall reimburse Seller therefore. 

3. RELEASE Prices apply only if the quantity hereunder is released within twelve 
(12) months and shipments scheduled no more than eighteen (18) months from 
the date of Seller’s receipt of Buyer’s order; otherwise. Seller’s standard prices in 
effect at the time of release date shall apply to the quantity shipped, and Buyer 
shall be invoiced for the difference in price, if any. 

4. FOB POINT Shipments of goods within and outside the U.S. shall be delivered 
FOB Seller’s plant, and title and liability for loss or damage thereto shall pass to 
Buyer upon Seller’s tender of delivery of the goods to a carrier for shipment to 
Buyer, and any loss or damage thereafter shall not relieve Buyer of any obligation 
hereunder. Buyer shall reimburse Seller for taxes and any other expenses incurred 
or licenses or clearance required at port of entry and destination. Seller may 
deliver the goods in installments. Unless otherwise agreed, all items shall be 
packaged and packed in accordance with Seller’s normal practices. 

5. DELIVERY All shipping dates are estimates only and are dependent upon 
prompt receipt of all necessary information from Buyer. Shipments may be made in 
installments. Seller shall be excused from performance and shall not be liable for 
any delay in delivery or for nondelivery, in whole or in part, caused by the occur- 
rence of any contingency beyond the reasonable control of Seller, including but not 
limited to, war (whether or not an actual declaration thereof is made), sabotage, 
insurrection, riot or other act of civil disobedience, act of a public enemy, failure or 
delay in transportation, act of any government or any agency or subdivision thereof 
affecting the terms of this contract or otherwise, judicial action, labor dispute, 
accident, defaults of suppliers, fire, explosion, flood, storm or other acts of God, 
shortage of labor, fuel, raw material or machinery or technical or yield failures 
where Seller has exercised ordinary care in the prevention thereof. If any such 
contingency occurs. Seller may at its sole discretion allocate production and 
delivery among Seller’s customers. 

6. PAYMENT TERMS (a) Unless otherwise agreed, payment terms are 70% 
thirty (30) days; 30% forty-five (45) days after date of invoice. No discounts are 
authorized. Shipments, deliveries, and performance of work shall at all times be 
subject to the approval of the Seller’s credit department and the Seller may at any 
time decline to make any shipments or deliveries or perform any work except upon 
receipt of payment or upon terms and condition or security satisfactory to such 
department. 

(b) If in the judgment of the Seller, the financial condition of the Buyer at any 
time does not justify continuation of production or shipment on the terms of pay- 
ment originally specified, the Seller may require full or partial payment in advance 
and, in the event of the bankruptcy or insolvency of the Buyer or in the event any 
proceeding is brought by or against the Buyer under the bankruptcy or insolvency 
laws, the Seller shall be entitled to cancel any order then outstanding and shall 
receive reimbursement for its cancellation charges. 

(c) Each shipment shall be considered a separate and independent transaction, 
and payment therefore shall be made accordingly. If shipments are delayed by the 
Buyer, payments shall become due on the date when the Seller is prepared to 
make shipment. If the work covered by the purchase order is delayed by the Buyer, 
payments shall be made based on the purchase price and the percentage of 
completion. Products held for the Buyer shall be at the risk and expense of tHe 
Buyer. 


7. INSPECTION Unless otherwise specified and agreed upon, the material to be 
furnished under this order shall be subject to the Seller’s standard inspection at the 
place of manufacture. If it has been agreed upon and specified in this order that 
Buyer is to inspect or provide for inspection at place of manufacture such inspec- 
tion shall be so conducted as to not interfere unreasonably with Seller’s operations 
and consequent approval or rejection shall be made before shipment of the materi- 
als. Notwithstanding the foregoing, if, upon receipt of such material by Buyer, the 
same shall appear not to conform to the contract, the Buyer shall immediately 
notify the Seller of such conditions and afford the Seller a reasonable opportunity 
to inspect the material. No material shall be returned without Seller’s consent. 
Seller’s Return Material Authorization form must accompany such returned 
material. 

8. LIMITED WARRANTY AND LIMITED REMEDY The Seller warrants that the 
products to be delivered under this purchase order will be free from defects in 
material and workmanship under normal use and service. Seller’s obligations un- 
der this Warranty are limited to replacing or repairing or giving credit for, at its 
option, at its factory, any of said products which shall, within one (1) year after 
shipment, be returned to the Seller’s factory of origin, transportation charges 
prepaid, and which are, after examination, disclosed to the Seller’s satisfaction to 
be thus defective. THIS WARRANTY IS EXPRESSED IN LIEU OF ALL OTHER 
WARRANTIES, EXPRESSED, STATUTORY OR IMPLIED, INCLUDING THE 
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PAR- 
TICULAR PURPOSE, AND OF ALL OTHER OBLIGATIONS OR LIABILITIES ON 
THE SELLER’S PART, AND IT NEITHER ASSUMES NOR AUTHORIZES ANY 
OTHER PERSON TO ASSUME FOR THE SELLER ANY OTHER LIABILITIES IN 
CONNECTION WITH THE SALE OF THE SAID ARTICLES. This Warranty shall 
not apply to any of such products which shall have been repaired or altered, except 
by the Seller, or which shall have been subjected to misuse, negligence, or acci- 
dent. The aforementioned provisions do not extend the original warranty period of 
any product which has either been repaired or replaced by Seller. 

It is understood that if this order calls for the delivery of semiconductor devices 
which are not furnished and fully encapsulated, that no warranty, statutory, ex- 
pressed or implied, including the implied warranty of merchantability and fitness for 
a particular purpose, shall apply. All such devices are sold as-is, where-is. 

9. PATENT INDEMNIFICATION Buyer shall hold Seller harmless from and 
defend Seller against any cost, expenses, damages or liabilities arising from Sel- 
ler’s compliance with Buyer’s designs or specifications. Except as set forth above, 
the Seller agrees to protect and hold harmless the Buyer from any and all claims, 
demands, proceedings, actions, liabilities and costs resulting from any alleged 
infringement of patents in the United States owned by third parties by Products 
purchased by Byyer from Seller, provided the Buyer gives to Seller prompt notice 
of any such claim made against the Buyer and authorizes the Seller to settle or 
defend any such claim, demand, proceeding or action and assists the Seller in so 
doing (at the Seller’s expense) upon request by the Seller. Should, as a result of 
any such claim, demand, proceeding or action, the Buyer be enjoined from selling 
or using the product, the Seller shall either (1) procure for the Buyer the right to use 
or sell the product; (2) modify the product so that it becomes noninfringing; (3) 
upon return of the product provide to the Buyer a noninfringing product meeting the 
same functional specifications as the product; or (4) authorize the return of the 
product to the Seiler and upon its receipt refund to the Buyer the cost of the product 
plus transportation charges. The foregoing states the entire liability of the Seller for 
infringement of the patents of third parties and, in particular, the Seller has no 
obligation to indemnify the buyer for infringement of patents resulting from combin- 
ations of the product with other products whether or not supplied by the Seller. 
THIS PROVISION IS STATED IN LIEU OF ANY OTHER EXPRESSED, IMPLIED, 
OR STATUTORY WARRANTY AGAINST INFRINGEMENT AND SHALL BE THE 
SOLE AND EXCLUSIVE REMEDY FOR PATENT INFRINGEMENT OF ANY 
KIND. 

10. DAMAGE LIMITATION INDEPENDENTLY OF ANY OTHER LIMITATION 
HEREOF AND REGARDLESS OF WHETHER THE PURPOSE OF SUCH 
LIMITATION IS SERVED, IT IS AGREED THAT IN NO EVENT SHALL SELLER 
BE LIABLE FOR SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES OF 
ANY KIND under THIS ORDER. 


1 1 . SALE CONVEYS NO LICENSE Seller’s products are offered for sale and are 
sold by Seller subject in every case to the condition that such sale does not convey 
any license, expressly or by implication, estoppel or otherwise, under any patent 
claim with respect to which Seller can grant licenses covering a completed equip- 
ment, or any assembly, circuit, combination, method or process in which any such 
products are used as components (notwithstanding the fact that such products 
may have been designed for use in or may only be useful in, such patented 
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Monolithic Memories 
Terms and Conditions of Sale 
General Provisions 


equipment, assembly, circuit, combination, method or process and that such prod- 
ucts may have been purchased and sold for such use). Seller expressly reserves 
all its rights under such patent claims. 

12. RETURNS AND ADJUSTMENTS Products may only be returned with prior 
written approval of Seller. Adjustments for defective products are subject to Sel- 
ler's concurrence that the alleged defects exist, to Seller’s satisfaction, after 
suitable inspection and test by Seller. Adjustments may include credit or replace- 
ment at the option of the Seller. 

13. TERMINATION AND CANCELLATION (a) Buyer may terminate this con- 
tract in whole or, from time to time, in part upon written notice to Seller. In such 
event Buyer shall be liable for termination charges which shall include a price 
adjustment based on the quantity of goods actually delivered, and all costs, direct 
and indirect, incurred and committed for this contract together with a reasonable 
allowance for prorated expenses and anticipated profits. 

(b) Unless otherwise specified on the face hereof, all quantities must be 
released no more than twelve (1 2) months and shipments scheduled no more than 
eighteen (18) months from the date of Seller’s receipt of Buyer’s order, otherwise 
this contract may be cancelled by Seller and Buyer shall be liable for termination 
charges as provided herein. 

14. NONWAIVER OF DEFAULT In the event of any default by Buyer, Seller may 
decline to make further shipments. If Seller elects to continue to make shipments. 
Seller’s action shall not constitute remedies for any such default. 

15. APPLICABLE LAW The validity, performance and construction of this con- 
tract shall be governed by the laws of the State of California. 

16. U.S. GOVERNMENT CONTRACTS If Buyer’s original purchase order indi- 
cates by contract number, that it is placed under a government contract, only the 
following provisions of the current Federal Acquisition Regulations are applicable 
in accordance with the terms thereof, with an appropriate substitution of parties, as 
the case may be — i.e., “Contracting Officer” shall mean “Buyer,” “Contractor” 
shall mean “Seller,” and the “Contract” shall mean this order. 

52.202-1. Definitions: 52;232-11, Extras; 52.212-9, Variation in Quantity; 52.232- 
23, Assignment of Claims; 52.228-2, Additional Bond Security; 52.225-1 1 , Certain 
Communist Areas; 52.222-4, Contract Work Hours and Safety Standards Act 
—Overtime Compensatioh; 52.222-20, Walsh-Healy Public Contracts Act; 52.22- 
25, Equal Opportunity; Officials Not to Benefit; 52.203-5, Covenant Against Contin- 


gent Fees; 52.249-1, Termination for Convenience of the Government (Fixed 
Price) (Short Form) (only to the extent that Buyer’s contract is terminated for the 
convenience of the government); 52.2-1, Contractor Inspection Requirements; 
52.227-1, Authorization and Consent; 52.227-2, Notice and Assistance Regarding 
Patent and Copyright Information; 52.247-1 , Commercial Bills of Lading Notations; 
52.223-35, Affirmative Action for Special Disabled and Vietnam Era Veterans; 
52.222-1, Notice to the Government of Labor Disputes; 52.215-1, Examination of 
Records by Comptroller General; 52.220-3, Utilization of Labor Surplus Area 
Concerns. 

17. ASSIGNMENT This contract shall be binding upon and inure to the benefit of 
the parties and the successors and assigns of the entire business and good will of 
either Seller or Buyer, or of that part of the business of either used in the perfor- 
mance of this contract, but shall not be otherwise assignable. 

18. MODIFICATION This contract constitutes the entire agreement between the 
parties relating to the sale of goods described on the face hereof, and no addition 
to or modification of any provision upon the face or reverse of this contract shall be 
binding upon Seiler unless made in writing and signed by a duly authorized repre- 
sentative of Seiler located in Santa Clara, California. Buyer hereby acknowledges 
that he has not entered into this agreement in reliance upon any warranty or 
representation by any person or entity except for the warranties or representations 
specifically set forth herein. 

19. GENERAL The Seller represents that with respect to the production of the 
articles and/or the performance of the services covered by this order, it will fully 
comply with ail requirements of the Fair Labor Standards Act of 1 938, as amended. 

20. PROPERTY RIGHTS AND TOOLING The design, development or 
manufacture by Seller of a product for a specific customer shall not be deemed to 
produce a work made for hire and shall not give to the customer any copyright 
interest in the product or any interest in all or any portion of the mask works relating 
to the product. Ail such rights shall remain the property of Seller. Notwithstanding 
the foregoing. Seller will provide a custom product (e.g., personalized gate array, 
cell library or full custom) utilizing a logic design supplied by a customer exclusively 
to that customer absent written agreement to the contrary with the customer. 

21. VARIATION IN QUANTITY If this order calls for a product not listed in Sel- 
ler’s current catalog, or for a product which is specially programmed for Buyer, it is 
agreed that Seller may ship a quantity which is five percent (5%) more or less than 
the ordered quantity and that such quantity shipped will be accepted and paid for in 
full satisfaction of each party’s obligation hereunder for the quantity ordered. 
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Product Assurance Program 


Quality System 

The quality system at Monolithic Memories is based on 
MIL-Q-9858, “Quality Program Requirements!’ MIL-l-45208, 
“Inspection System Requirements!’ and MIL-M-38510, 
Appendix A, “Product Assurance Program” Mil-M-38510 
plays a significant role in structuring Monolithic Memories’ 
Quality Program as specified herein. 

Monolithic Memories has facilities certified by DESC, 
Defense Electronics Supply Center, to qualify and manufac- 
ture Class B Schottky Bipolar PRQMS and Programmable 
Array Logic devices, in accordance with the requirements of 
MlL-M-38510. This certification included a successful audit 
of our quality system to the stringent requirements of Appen- 
dix A of MIL-M-38510 which defines a Product Assurance 
Program tailored for integrated circuit manufacturers by 
DESC. This same quality system has also met the strict 
requirements of both “controlled” and “captive” line pro- 
grams connected with our special Hi-Rel programs. 

The quality accent at Monolithic Memories is on process 
control as reflected in the use of many monitors and audits 
rather than gate inspection. This philosophy is consistent 
with building in quality and reliability rather than attempting 
to screen for It. 

Process Control 

Monolithic Memories manufacturing process uses advanced 
techniques to reduce random defects and produce consis- 
tent optimum quality. Typical techniques employed are: 
•Redundant Masking 

• Pellicalized Masks 

• DirectStepon Wafer Processing 

These processes although more costly, result In significant 
quality and reliability improvements. During the initial pro- 
duction stages of new designs and periodically thereafter, 
engineering characterizes the design process compatibility 
by careful sample selection of lots reflecting process variable 
extremes. 

Product Reliability Programs 

Monolithic Memories has an ongoing reliability program for 
military and commercial products, each utilizing the appro- 
priate test methods of MIL-STD-883. This program provides 
for a consistent database in the following areas; 

• Product/Process Reliability Data 

• Qualification of Raw Materials 


• Customer Quality Conformance 

• Reliability verification of state of the art design and pro- 
duction techniques. 

Quality Monitors 

MMI constantly monitors product quality and reliability 
through the following ongoing programs; 

• Reliability assessments of all products, processes and 
packages. 

• Inprocess and Final product quality measurements. 

• Process and product quality feedback at all key manufac- 
turing points. 

• Positive corrective action and verification. 

Screening 

Much of the assembly and processing is performed offshore 
at facilities owned by or qualified by MMI. These facilities 
are routinely monitored by Monolithic Memories personnel 
to our quality system requirements. 

Standard Commercial product receives the following screens 
and monitors to insure the highest possible quality. 

• Precap Inspection MIL-Standard 883 Level B 

• Temperature Cycle Qngoing daily monitor to 

• Constant Acceleration confirm the AQL levels are met 

• Fine and Gross Leak or exceeded. 

• Final Electrical Test 

• Visual and Mechanical 
Inspection 

The standard product AQL levels which Monolithic Memories 
guarantees are listed in the table on this page. 


OKiality Assurance (AQL) Levels 


TEST 

AQL 

TEMPERANCE 

Hermeticity (includes fine and gross) 

.1 

Electrical 


DCat25°C 

.066 

Functional at 25°C 

.065 

AC at 250 c 

.25 

DC at Temperature Extremes 

.25 

Functional at Temperature Extremes 

.25 

AC at Temperature Extremes 

.26 
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Introduction 

In August, 1982 Monolithic Memories Inc. formed a Military 
Products Division. Although Monolithic Memories has partici- 
pated In the defense market for some time, we feel that by 
focusing on this very demanding customer base with a totally 
dedicated resource, we can provide aerospace and military 
systems manufacturers with a new industry standard of service 
and responsiveness. 

Monolithic Memories offers devices to a full complement of 
military screening levels: 

Monolithic Memories Inc. Level S 
JAN 38510 Class B 
DESC Drawing Program 
Mil-Std-883 Class B 

Monolithic Memories Inc Mil-Temp Product 

In addition, we welcome the opportunity to review and quote to 
i customer source control drawings. Our spec Review group is 
j measured to a 2 week turn-around time on drawing reviews, so 
our customers will receive a timely response on our ability to 
meet custom requirements. 

I Monolithic Memories is Certified by the Defense Electronics 
! Supply Center to assemble and test JAN 38510 Class B devices 
at its Sunnyvale, California. 

I Offshore Assembly facilities for Mil-Std-883 Class B devices are 

located in Penang, Malaysia. 


Standard Processing Flows 

Monolithic Memories Processing and Screening flows are 
organized to provide a broad selection of processing options, 
structured around the most commonly requested customer 
flows. 

Standard processing flows which the Military Products Division 
currently operates to Include: 

Monolithic Memories IhC. Modified Level S 
JAN 38510 Class B 
DESC Drawing Program 
Mil-Std-883 Class B 

Monolithic Memories Inc. Mil-Temp Product 

In addition, these flows are expanded to provide for factory 
programming on PAL circuits and PROMS, when required by 
our customers. 

Major benefits can be realized by ordering product to standard 
flows whenever possible: 

• Minimize need for source control drawings. 

• Cost savings on unit cost — no price adders for custom 
processing. 

• Improved lead time — no spec review or negotiation time, 
plus the ability to pull product from various work-in-process 
stages or purchase product from finished goods inventory. 

It is the policy of Monolithic Memories to always operate to the 
most current revision of Mil-Std-883. 
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Ordering Information 


Prices 

AH prices are in U.S. dollars and are subject to change without 
notice. 


Minimum Order Requirements 

For all orders placed in the factory there Is a minimum order 
requirement of $1000 ($250 per line item) except for the 
following: 

HAL® Circuits— The $3-4K N.R.E. and mask charge can be 
amortized over the Initial production commitment. The mini- 
mum initial production commitment is 5K units within one year; 
the minimum quantity per line item release is 2K. 

ProPAL Circuits— When purchased, the initial phase of HAL 
Circuit there is no additional N.R.E. and there is a nominal 
adder for programming and testing. The minimum quantity 
per release is 500 units. When purchased without a follow-on 
the $1-2K N.R.E. can be amortized over a minimum Initial 
production commitment of $2500 units. 

There will be a minimum of $250 and $50 per line item for 
drop-ship orders. 

Terms 

70%/30 days, 30%/45 days from date of invoice, FOB 
Sunnyvale, California. 

Commercial Code 

The letter code “C” is used to denote commercial device 
limits as follows: 

Commercial —TA = 0°C to + 750 c 
VCC = 5V±5% 

General 

Unless Otherwise specified the standard packages are “J” or 
“N ” packages. In some instances the “D” package is the only 
package available. Other non-standard packages may be 
available. Contact a sales representative of Monolithic 
Memprles. Non-standard devices are considered nonreturn- 
able by distribution to Monolithic Memories. 


PackageCodes 

I All devices ordered must include a package code as a suffix 
I to the part number. The package code definitions are shown 
below 


PACKAGE 

CODE 

J 

JS 
N 

NS 
NL 


DESCRIPTION 

Ceramic dual-in-line* 

Ceramic dual-in-line* 

Plastic dual-in-line* 

Plastic dual-in-line* 

Molded Leadless Chip Carrier 

'See “Part Numbering Systems” for complete part descriptions. 


Dip Package Width Configuration 



300 mil 

600 mil 

20 pin 

N,J 

- 

24 pin 

NS,JS 

N,J 


In-House PROM Programming 
Guidelines 

1) Minimum Order Size: 

1/4K-8K 5K pcs/yr/pattern 

500 pcs/shipment 
16K-32K 2.5K pcs/yr/pattern 

250 pcs/shipment 

2) Lead Time: Initial code acceptance— six weeks. 

Standard lead time plus weeks after code 
acceptance. 

3) Cancellations: 60 Days 

4) Schedule Change: 30 Days 

5) Price Adder: 

Price includes ink marking with customer pattern number. 

6) Inputs: Truth Tape 

Paper Tape 

Disk 

Master 

A combination of two inputs are required, 
if only one input is supplied, a sample lot must be 
signed off by the customer. 


Order Size 


DENSITY 

MIN-1 OK 

10K-25K 

25K + 

1/4-2K 

50$ 

40$ 

30$ 

4K-8K 

60$ 

50$ 

40$ 

16K-32K 

REG/DIAG 

85$ 

70$ 

55$ 


Monolithic Memories Software 


SYSTEM 

PALASM2 

OBJECT 

PALASM 2 
SOURCE 


$200 

$500 

DEC VAC VMS MT 

PAL2-VMSE-MT 

PAL2-VMSS-MT 

IBM PC (DOS) 5D 

PAL2-IPCE-5D 

PAL2-IPCS-5D 

ASCIIMT 


PAL2-ASCS-NJ 



MontMihle InllUlilfemorlBS 
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JAN Program 


Monolithic Memories is certified by the Defense Electronics 
Supply Center to fabricate wafers in our 4-inch fab lines and 
to assemble and test MIL-M-38510 Class B PROMs and PAL 
circuits in our Sunnyvale facilities. Monolithic Memories has, 
in addition, been awarded full laboratory suitability to conduct 
ail qualification and conformance testing in accordance with 
M I L-STD-883, Method 5005. 

Selected devices will be further qualified in leadless chip 
carriers. 


Long term QPL I plans include FIFO’s Double-Density PLUS 
Interface, New PAL Families as they are introduced, and 
Registered/Standard PROMs. 

Our goal in the Military Products Division is to support the 
JAN38510 Program with a continual flow of new high- 
performance, Advanced Technology Products. 

Monolithic Memories Products for which slash sheet specifi- 
cations currently exist are listed in the “M38510 Slash Sheet 
Cross Reference to Generic Part Number.” 


Listings are based on QPL-38510-65, dated October 1985 
M38510 (Part I Quaimed Devices) 

Siash Sheet Cross Reference to Generic Part Number 


M38510 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 












206 


53S441 









209 








53S841 



503 

10H8 

12H6 

14H4 



10L8 

12L6 

14L4 



504 

16L8A 

16R8A 

16R6A 

16R4A 








Near future QPL I plans include: 

PAL16L8A-2 

PAL16R8A-2 

PAL16R6A-2 

PAL16R4A-2 

PAL20L8A 

PAL20R8A 

PAL20R6A 

RAL20R4A 
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DESC Drawing Program 

ings. It is standard practice at Monolithic Memories to convert 
our 883B processing to DESC Drawings for all products which 
we are approved to supply. Monolithic Memories Inc. then 
dual marks devices with both the DESC Drawing Number 
and the Generic Part Number. DESC approved products can 
then be procured to either part number as standard product 
through both OEM and distributor channels. 

The following cross reference will allow you to determine the 
appropriate DESC Drawing part numbers for each PAL 
product and the 32K PROM. Future DESC print activity will 
include new PAL products and registered PROMs. Monolithic 
Memories will work with DESC to continually generate new 
drawings, which will provide a steady flow of advanced tech- 
nology products to standardized specifications. 


DESC Drawing/Generic Part lype Cross Reference 


DESC DRAWING PART NO.: 

01 

R 

X* 

81035 




DRAWING 

DEVICE TYPE 

CASE OUTLINE 

LEAD FINISH 


Monolithic Memories is an active participant in the DESC 
Drawing Program. For contracts invoking MIL-STD-454 we 
offer our full PAL product line to DESC Drawings 81035 and 
81036. Monolithic Memories Is also approved to supply the 
32K PROM to DESC Drawing 82008. The idea behind the 
DESC Drawing Program Is to standardize MIL-STD-883B 
microcircuits where fully qualified JAN product is not avail- 
able. The advantage to the user is that DESC Drawings are a 
cost effective alternative to source control drawings and are 
offered as off-the-shelf stocking items by IC manufacturers 
participating in the program. 

Since semiconductor demand is on the rise, and lead times 
will be a major concern, DESC Drawings should always be 
considered to improve availability over source control draw- 


PAL DEVICES 


DESC DRAWING 

GENERIC PART NUMBER 

REPLACEMENT JAN SPECIFICATION 
PART NUMBER 

81 03601 RA* 

PAL10H8MJ883B 

M38510/50301BRX 

81035012C 

PAL10H8ML883B 

M3851 0/50301 B2X 

81 03501 YC 

PAL10H8MF883B 

M38510/50301BYX 

8103602RA 

PAL12H6MJ883B 

M38510/50302BRX 

81035022C 

PAL12H6ML883B 

M38510/50302B2X 

8103602YC 

PAL12H6MF883B 

M38510/50302BYX 

8103503RA 

PAL14H4MJ883B 

M38510/50303BRX 

81035032C 

PAL14H4ML883B 

M38510/50303B2X 

8103503YC 

PAL14H4MF883B 

M38510/50303BYX 

8103504RA 

PAL16H2MJ883B 

M38510/50304BRX 

81036042C 

PAL16H2ML883B 

M38510/50304B2X 

8103504YC 

PAL16H2MF883B 

M38510/50304BYX 

8103505RA 

PAL16C1MJ883B 

M38510/50305BRX 

81035052C 

PAL16C1ML883B 

M38510/50305B2C 

8103505YC 

PAL16C1MF883B 

M38510/50305BYX 

8103506RA 

PAL10L8MJ883B 

M38510/50306BRX 

81035062C 

PAL10L8ML883B 

M38510/50306B2X 

8103506YC 

PAL10L8MF883B 

M38510/50306BYX 

8103507RA 

PAL12L6MJ883B 

M38510/50307BRX 

81036072C 

PAL12L6ML883B 

M38510/60307B2X 

8103607YC 

PAL12L6MF883B 

M38510/50307BYX 

8103608RA 

PAL14L4MJ883B 

M38510/50308BRX 

81035082C 

PAL14L4ML883B 

M38510/50308B2X 

8103508YC 

PAL14L4MF883B 

M38510/50308BYX 

8103509RA 

PAL16L2MJ883B 

M38510/50309BRX 

81036092C 

PAL16L2ML883B 

M38510/50309B2X 

8103509YG 

PAL16L2MF883B 

M38510/50309BYX 


*Lead Finishes A = Solder Dip 


C = Gold Plate 
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DESC Drawing/Generic Part IVpe Cross Refersnce continued 


DESC DRAWING 

GENERIC PART NUMBER 

REPLACEMENT JAN SPECIFICATION 
PARTNUMBER 

8103607RA 

PAL16L8AMJ883B1 

M3851 0/50401 BRX 

81036072C 

PAL16L8AML883B 

M3851 0/50401 B2X 

81G3607SA 

PAL16L8AMW883B 

M3851 0/50401 BYX 

8103608RA 

PAL16R8AMJ883B1 

M38510/50402BRX 

81036082C 

PAL16R8AML883B 

M38510/50402B2X 

8103608SA 

PAL16R8AMW883B 

M38510/50402BYX 

8103609RA 

PAL16R6AMJ883B1 

M38510/50403BRX 

81036092C 

PAL16R6AML883B 

M38510/50403B2X 

8103609SA 

PAL16R6AMW883B 

M38510/50403BYX 

8103610RA 

PAL16R4AMJ883B1 

M38510/50404BRX 

81036102C 

PAL16R4AML883B 

M38510/50404B2X 

8103610SA 

PAL16R4AMW883B 

M38510/50404BYX 

81 03611 R A 

**PAL16L8A-2MJ883B 

M38510/50407BRX 

810361 12C 

**PAL16L8A-2ML883B 

M38510/50407B2X 

810361 ISC 

PAL16L8A-2MF883B 


8103612RA 

**PAL16R8A-2MJ883B 

M38510/50408BRX 

81036122C 

**PAL16R8A-2ML883B 

M38510/50408B2X 

8103612SC 

PAL16R8A-2MF883B 

— ■ — - 

8103613RA 

**PAL16R6A-2MJ883B 

M38510/50409BRX 

81036132C 

**PAL16R6A-2ML883B 

M38510/50409B2X 

8103613SC 

PAL16R6A-2MF883B 

_ ' 

8103614RA 

**PAL16R4A-2MJ883B 

M38510/50410BRX 

81036142C 

**PAL16R4A-2ML883B 

M3851 0/5041 0B2X 

8103614SC 

PAL16R4A-2MF883B 

— — — 

841 2901 LA 

PAL20L8AMJS883B 

M3851 0/50501 BJX 

841 2901 3C 

PAL20L8AML883B 

M3851 0/50501 B3X 

841 2901 KA 

PAL20L8AMW883B 

_ _ ' _ ■ ■ 

8412902LA 

PAL20R8AMJS883B 

M38510/50502BJX 

84129023C 

PAL20R8AML883B 

M38510/50502B3X 

8412902KA 

PAL20R8AMW883B 

— — — 

8412903LA 

PAL20R6AMJS883B 

M38510/50503BJX 

84129033C 

PAL20R6AML883B 

M38510/50503B3X 

8412903KA 

PAL20R6AMW883B 

__ _ . _ 

8412904LA 

PAL20R4AMJS883B 

M38510/50504BJX 

84129043C 

PAL20R4AML883B 

M38510/50504B3X 

8412904KA 

PAL20R4AMW883B 


8412905LA 

PAL20L10AMJS883B 

— ~ — ' 

84129053C 

PAL20L10AML883B 

— ~ . 

8412906LA 

PAL20X8AMJS883B 

_ _ _ 

84129063C 

PAL20X8AML883B 


8412907LA 

PAL20X10AMJS883B 

— — — 

84129073C 

PAL20X1dAML883B 



**Converting from “A" to “B” PAL in third quarter 1986. 

1. Inactive for new desighes using R Case Outline only. Use applicable QPL 38510 device. 
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Group D— in-depth package related tests 

• QCI is conducted every 26 weeks using devices which 
represent the same package construction and lead finish. 

• Any device type in the same package type may be used 
regardless of the specific part number. 

• Purpose: To monitor the reliability and integrity of various 
package materials and assembly processes. 

Generic Data: 

Monolithic Memories Generic Data Program is based on 
MIL-M-38610, which allows for shipments based on 26 weeks 
of coverage for Group G Testing and 36 weeks of coverage 
for Group D Testing. 

Should circumstances arise where generic coverage to 
MIL-M-38510 Is not possible, Monolithic Memories reserves 
the right to ship product based on 52 weeks of generic Group 
C and/or D coverage per MIL- M -883 Revision C. 


Manufacturing and Screening Locations 


JAN Products, Monolithic Memories Modified Level “S,” and 
customer orders which call for U.S.A. assembly, are manu- 
factured in our DESC certified assembly line in Sunnyvale, 
California. 

Mil-Std-883 Class B products, and orders to source control 
drawings, where stateside build is not required, are assem- 
bled at our Penang, Malaysia facility. This facility Is qualified 
by Monolithic Memories Quality Department, as well as by 
many of our customers, to manufacture Mil-Std-883 Class B 
product. Conformance to Mil-Std-883 requirements is rou- 
tinely monitored through audits at the Penang facility, as well 
as incoming inspections in Sunnyvale. Manufacturing capa- 
bilities for each Monolithic Memories facility are highlighted 
on the chart below. 


Manufacturing Capabilities 



Sunnyvale 

Penang 

Assembly 

X 

X 

Precap Inspection 

X 

X 

Environmental Testing 

X 

X 

Electrical Pre-Test 

X 

X 

Burn-In 

X 

X 

Post Burn-In Electricals 

X 

X 

Group A Testing 

X 

X 

Mark 

X 

X 

Factory Programming (when applicable) 

X 


Qualification and Quality 

Conformance Testing 

X 



To identify the assembly location of each military device, the 
Country of origin is marked on all products prior to shipment. 
Products assembled in our stateside facility in Sunnyvale, 
California, will have “USA” marked on the topside of the 
device. The exception to this is JAN 38510 product, which is 
marked to the MII-M-38510 requirements only. 

Offshore built product, which is manufactured in Penang, 
Malaysia, will have “Malaysia” or “Malay” marked on the 
bottom side of the device. 


Marking Example: 


9 53S3281J/883B 
USA A 8335 


ESD Designator 


Process Audits 

Process Audits are performed in accordance with Mil-M- 
38510, Appendix A, paragraph 20.1.3.9, self audits by the 
Quality Assurance Department. 

AC Ibsting 

Although Monolithic Memories offers a large selection of 
programmable products, it must be pointed out that AC Test- 
ing cannot be performed on many of our product types with- 
out their being programmed. For those devices which must 
be programmed prior to AC Tests and are ordered unprb- 
grammed. Monolithic Memories must “guarantee” their AC 
Performance. 

Newer devices in the PROM/PLE and PAL families do allow 
preprogram AC testability at 25°C. 

Since the guaranteeing of parameters can be a serious con- 
cern for the Military user, we have outlined several approaches 
to address the AC screening issue. 

1, Monolithic Memories can pull a Sample from a lot using 
our own Standard patterns (designed to blow in excess of 
50 percent of the fuses) and perform AC testing. 

a) PAL/PROM products processed to DESC prints 
include programmability samples and AC testing 
at 250c. 

b) PROM/PLE AC testing can be performed at 25°C, 
-'55°C, 125°C temperatures. 

2. Monolithic Memories can program PROM/PLE’s using 
custom patterns submitted by the customer. AC can then 
be done with the following options: 

a) Sample AC at 250c 

b) Sample ACat25°C, -550c, 125°C 

c) 100% AC at 250c 

d) 100% AC at 250c, -550c and 1250c 
Note: For PALs contact the factory 

On PAL products where custom programming is performed 
and AC testing is required, additional vector generation and 
fault coverage analysis is required, as well as AC program 
generation and checkout. 

To give you an idea of delivery differences for the options 
discussed above, general lead times are as follows: 

• Unprogrammed: 

Cerdip, 4-6 weeks 
Cerpack/Flat pack, 8-12 weeks 
Leadless chip carrier, 6-12 weeks 

(consult monthly leadtime guide for individual part types). 

• Unprogrammed product using our standard pattern to 
verify AC at room temperature on sample basis (option 1). 
Add 2 weeks to standard delivery. 

• Programmed product using customer programs with 
sample AC (option 2a and b). Contact factory for delivery. 
Delivery quoted will be after receipt of customer design 
package. 

• 100% AC testing at 25°C— Standard Monolithic Memories 
pattern or customer pattern, (option c). Contact factory. 

Remember, for ProPALs, customer must provide design 
package including Boolean Equations, “Seed” function test 
sequence, package stipulation and AC test vectors, when 
required. Delivery quotes for this type of product begin after 
receipt of this data from the customer. 
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VIL/VIH Parametric Information 

V|L and V|H parameters are, in effect, input conditions of D.C. 
and Functional output tests and are not directly tested. V|l is 
specified at ^ 0.8 V, and V|h is specified at ^ 2.0 V. 

EiectroStatic Discharge 

The Military Products Division of Monolithic Memories has 
fully implemented static control procedures throughout its 
facilities in Penang, Malayasia and Sunnyvale, California. 

All manufacturing areas where product is processed or han- 
dled, including our Reliability Labs, Engineering Labs, etc., 
have full static control such as wrist straps, antistatic smocks, 
grounded stainless steel tables, conductive mats and ion 
generators wherever necessary. 

All product is moved throughout our facilities and shipped to 
customers in static shielded containers. 

In addition, MPD distributors must demonstrate that they 
meet the same stringent standards governing ESO handling 
and control procedures as the factory. Individual distributor 
locations are audited and approved annually by MPD’s 
Quality Assurance Department. 

An ESD identifier is marked on all products in front of the 
date code, and all shipping containers are labeled with an 
ESD Gaution Message. These procedures have been imple- 
mented, and will continually be reviewed, to ensure that our 
customers receive only the highest quality product from the 
Military Products Division. 


Package Information 

Leadless Chip Carrier/Pin Grid Array 

Monolithic Memories’ Military Products Division offers, with 
few exceptions, our entire product line In square, ceramic 
leadless chip carriers. 

8-BIT INTERFACE 
•20 square LCC 

PROM CIRCUITS (Programmable Read Only Memories) 

• 20 square LCC 

• 28 square LCC 

PLE CIRCUITS (Programmable Logic Elements) 

• 20 square LCC 

• 28 square LCC 

PAL/HAL* CIRCUITS (Programmable Array Logic) 

• 20 square LCC 

• 28 square LCC 

• 44 square LCC 

HMSl CIRCUITS (High-Complexity 
Medium Scale Integration) 

• 28 square LCC 

FIFO CIRCUITS (First-ln-First-Out Memories) 

• 20 square LCC 

DOUBLE-DENSITY INTERFACE CIRCUITS 

• 20square LCC 

• 28 square LCC 
MULTIPLIER CIRCUITS 

• 44 square LCC 

• HALs are the mask-programmable versions of PAL. 
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Military 

Ordering Information 

PAL/PROM/PLE Programming Inputs: 

A. Two masters (programmed device) and checksum 

B. Master and truthtable (or product terms for PAL) 

C. Master and magnetic tape (VAX compatible) 

D. Master and floppy disk (VAX compatible) 

E. PALASM/PLEASM IBM compatible floppies, VAX com- 
patible magnetic tape or floppies 

F Master only (least preferred) 

NOTES: 


If options A, B, C, D or E are submitted, Monolithic Memories may require 
customer approval of prototypes before proceeding with programming. 

Military Ordering Information 
Minimum Order Guidelines: 

• Standard (unprogrammed/non-programmable) product 
Mil-Std-883, Class B 

DESC Print Devices 
JAN Devices 

Requires a $1000.00 ($250 per line item) per order 

• Source Control Drawings (unprogrammed/ 
non-programmable) product 

Requires a $1000.00 ($250 per line item) per order 

• ProPAL32R16 
$5K per pattern 

500 units min per pattern 

200 units min per request date per pattern 

• HAL20RA10 & 24RS Family 
$5K per pattern* 

2500 units min per pattern 

1000 units min per request date per pattern 

• HAL20/24 

$3K per combinatorial pattern 

$4K per sequential pattern 

2500 units min per pattern 

1000 units min per request date per pattern 

*Applicable to 20RA10 only. Assumes customers provide a set of test vectors, 
verifiable to 90% fault grading for all HAL devices. 


If option F is submitted. Monolithic Memories will require customer approval 
of factory generated prototypes before proceeding. 


Military Ordering Information 

Canceiiation Poiicy: 

HAL (Mask Programmable Devices) 

• 60 days firm. 

• OOdaysuncancellable. 

• 61 -90 days can be reached u led once u p to 60 days out. 

• Any line item shortage of less than 5% can be rescheduled 
for next delivery date (or cancelled). 

ProPAL/ProPROM/ProPLE (Programmed Devices) 

• 30 days firm. 

• 60 daysuncancellable.^ ^^^^^^^^ ^^^^^ ^ ^ 

• 31 -60 days can be reschedu led once up to 60 days out. 

• Any line item shortage of less than 5% can be rescheduled 
for next delivery date (or cancelled). 

Terms: 

70%/30 DaySi 30%/45 Days from date of invoice, F.O.B. 
Sunnyvale, California. 
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Military Ordering Information 


PAL® 

Programmable Array Logic Circuits 
PAL16L8B-4M J 883B 


FAMILY TYPE — — 

PAL = Programmable Array Logic 
HAL = Hard Array Logic 

NUMBER OF ARRAY INPUTS 

OUTPUT CELL 

A = Arithmetic 
C = Complementary 
H = Active High 
L = Active Low 
R - Registered 
RA = Registered Asynchronous 
RS = Registered Shared 
S = Shared 
X = Exclusive-OR 

NUMBER OF OUTPUTS 

SPEED 

Blank = Standard 
A - High Speed 

B = Very High Speed 

POWER 

Blank - Standard 
-2 =1/2 Power 

-4 = 1/4 Power 

TEMPERATURE CODE 

M = Military 

PACKAGE TYPE 

F = Ceramic Solder Seal 
Flat Pack 
J = Ceramic DIP 
JS = Ceramic SKINNYDIP 
L = Ceramic Leadiess 
Chip Carrier 
W = Cerpack 

PROCESSING — 

883B = Mil-Std-883 
Class B 


High Performance PROMs 


53S328 1 A J 883B 


TEMPERATURE-J 

CODE 
5 = Military 

PRODUCT— 

3 = Programmable 

FAMILY 

S = Schottky 
RA = Registered 
Asynchronous 
RS = Registered 
Synchronous 
D = Diagnostic 
DA - Diagnostic 
Asynchronous 

MEMORY SIZE 

0 = 256 bits 

1 = 1024 bits 

2 = 2048 bits 


I HI-REL SCREENING LEVEL 

883B = Mil>Std-883 
Class B 

PACKAGE TYPE 

JS = Ceramic SKINNYDIP 
J = Ceramic DIP 
F = Ceramic Solder 
Seal Flat Pack 
L = Ceramic Leadless 
Chip Carrier 
W = Cerpack 

PERFORMANCE 

A = Enhanced 
None = Standard 

OUTPUT DESIGNATOR 

0 = Open Collector 

1 = Three State 
3 = Two State 


4 = 4096 bits 


8 = 8192 bits ' — NUMBER OF OUTPUTS 

16 = 16384 bits 4 = 4bits 

32 = 32768 bits 8 = 8 bits 


PLE^“ 

Programmable Logic Element 


PREFIX 

PROGRAMMABLE 
LOGIC ELEMENT 


PLE5P8MJ 883B 

— J I HI-REL SCREENING LEVEL 

883B = Mii-Std-883 
Class B 


NUMBER OF INPUTS^ 

OUTPUT TYPE 

P = Programmable 
Polarity 

RA = Registered 
Asynchronous 
RS = Registered 
Synchronous 

NUMBER OF OUTPUTS— 


PACKAGE TYPE 
JS = Ceramic SKINNYDIP 
J = Ceramic DIP 
F = Ceramic Solder 
Seal Fiat Pack 
L = Leadiess Chip Carrier 
W = Cerpack 

TEMPERATURE CODE 
M = Military 


MonoHthiG UUnJJ Memories 
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Military Ordering Information 


FIFO 


Power Strobe 


C57401 A J 883B 


PREFIX — ' 

C = Cascadable 
None = Standalone 

TEMPERATURE CODE 

57 = Military 

POWER 

None = Standard Power 

UNIQUE THREE-DIGIT NUMBER- 


HI-REL 

SCREENING LEVEL 
883B = MII-Std-883 
Class B 

PACKAGE TYPE 
J = Ceramic DIP 
L = Ceramic Leadless 
Chip Carrier 

PERFORMANCE 
A = Enhanced 
None = Standard 


HDI6600 -8 J 


PREFIX ' 

UNIQUE FOUR-DIGIT NUMBER 


^PACKAGE TYPE 
J = Ceramic DIP 


' TEMPERATURE CODE 

SCREENING LEVEL 


-2 = Military Temperature 
-8 = Mil-Std-883, Ciass B 


Bipolar Digital Logic 


DESC Drawing Numbering System 


TEMPERATURE CODE 
54 = Military 


FAMILY TYPE — 
S =Schottky 


SN54S730 -1 J 883B 


LS = Low-Power Schottky 


UNIQUE THREE-DIGIT- 
NUMBER 


HI-REL SCREENING LEVEL 
883B = Mil-Std-883 
Class B 


-PACKAGE TYPE 

JS = Ceramic SKINNYDIP 
J = Ceramic DIP 
L = Ceramic Leadless 
Chip Carrier 
W = Cerpack 

- -1 = Resistor Option 

None = Standard 


DRAWING NUMBER 
FOR PRODUCT OR 
FAMILY 


82008 B2J X 

H 


PROGRAMMING - 
PROCEDURE/ 
DEVICE TYPE 


LEAD FINISH 
A = Hot Solder DIP 
C = Gold Plate 
X = Any Lead Finish 

-CASE OUTLINE 
(same as JAN 
38510 Outlines) 


JAN Part Numbering System 


J M3W10/ 503 01 

JAN DESIGNATOR 
Parts cannot be marked with 
a “J” unless qualified and 
approved for listing on QPL 


BRA 

TTX 


LEAD FINISH 
A = Hot Solder DIP 
C = Gold Plate 
X = Any Lead Finish 


GENERAL — — -J 

PROCUREMENT SPEC 

REFERS TO DETAIL SPEC— — ■ 
206 = 4K PROM (1Kx4) 

209 = 8K PROM (2Kx4) 

503 = Programmable Array Logic 

504 = Programmable Array Logic 


' — —PACKAGE TYPE 

R = 20 Lead 1/4x1-1/16 DIP 
V = 18 Lead 1/4x15/16 DIP 
2 = 20 Lead 0.35x0.35 LCC 

— PROCESSING LEVEL 

Class B 


DEFINES DEVICE TYPE 
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53/63S080 32x8 bit ....... . . . . . ■ . ...... 3-5 

53/63S081 32x8 bit 3-5 

63S081A 32X8 bit.... 3-5 

53/63S140 256x4 bit 3-7 

53/63S141 256x4 bit 3-7 

53/63S141A 256x4 bit 3-7 

53/63S240 512x4 bit 3-9 

53/63S241 512x4 bit 3-9 

53/63S241 A 512x4 bit 3-9 

53/63S280 256x8 bit ......................... 3-11 

53/63S281 256x8 bit 3-1 1 

53/63S281A 256x8 bit 3-11 

63S285 256x8 bit 3-13 

53/63S440 1024x4 bit 3-15 

53/63S441 1024x4 bit ............. . . . 3-15 

53/63S441A 1024x4 bit .... 3-15 

53/63S480 512x8 bit 3-17 

53/63S481 512x8 bit 3-17 

53/63S481A 512x8 bit 3-17 

53/63S485 512x8 bit 3-19 

53/63S841 2048x4 bit ... 3-21 

53/63S841A 2048x4 bit 3-21 

53/63S881 1024x8 bit 3-23 

53/63S881A 1024x8 bit 3-23 

53/63S1641 4096x4 bit 3-25 

53/63S1641A 4096x4 bit 3-25 

53/63S1681 2048x8 bit 3-27 

53/63S1681A 2048x8 bit 3-27 

53/63S3281 4096x8 bit 3-29 

53/63S3281A 4096x8 bit ........................ 3-29 

Typical ICC vs Temperature/TAA vs Temperature ...... 3-31 

Switching Test Load 3-37 

Definition of Waveforms . — . . 3-37 

Definition of Diagram ... . ... 3-37 


Registered PROMs 

53/63RA481 51 2x8 bit Registered 3-38 

53/63RA481A 51 2x8 bit Registered 3-38 

53/63RS881 1024x8 bit Registered 3-42 

53/63RS881A 1024x8 bit Registered 3-42 

53/63RA1681 2048x8 bit Registered w/Asyn 

Enable 3-46 

53/63RA1681A 2048x8 bit Registered w/Asyn 

Enable 3-46 

53/63RS1681 2048x8 bit Registered w/Sync 

Enable 3-50 

53/63RS1681A 2048x8 bit Registered w/Sync 

Enable 3-50 

Diagnostic Registered PROMs 

Switching Test Load 3-54 

Schematic of Inputs and Outputs — 3-54 

Definition of Timing Diagrams — 3-54 

Registered PROMs 

Switching Test Load 3-55 

Schematic of Inputs and Outputs 3-55 

Definition of Timing Diagrams 3-55 

Diagnostic Registered PROMs 

53/63DA441 1024x8 bit Diagnostic Registered — 3-56 

53/63DA442 1 024x8 bit Diagnostic Registered 3-56 

53/63DA841 2048x4 bit Diagnostic Registered 

with Asynchronous Enable 

and Output Initialization ..... 3-65 

53/63D1641 4096x4 bit Diagnostic Registered 

Asynchronous Enable 3-72 

53/63DA1 643 4096x4 bit Diagnostic Registered 

Output Initialization 3-79 

Monolithic Memories PROM Programmer Reference 
Chart 3-86 
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PROM Periormance Analysis 

(Maximum Commercial Limits) 


TVpe 

Out- 

put 

MMI(TiW) 

Part No. ItaavICC 

MMI(NiCr) 
(REFERENCE ONLY) 
Part No. 1 TAA/ICC 

AMD 

Part No. |taa*/ICC 

FUJITSU HARRIS 

Part No. 1 TAAVICCPartNo. | TAA/ICC 

NATIONAL 

Partito. 1 TAA7ICC 

SiGNETICS 

Part No. Itaa/ICC 

1 

Part No. 

n 

TAA/ICC 

1/4K (32x8) 

DC 

63S080 

25/125 

6330-1 

50/125 

27S18 

40/115 

7111E 

35/100 

7602 

50/130 

74S188 

35/110 

B2S23 

50/96 

18SA030 

40/110 







27S18A 

25/115 

7111H 

25/100 





B2S23A 

25/96 




TS 

63S081 

25/125 

6331-1 

50/125 

27S19 

40/115 

7112E 

35/100 

7603 

50/130 

74S288 

35/110 

B2S123 

50/96 

18S030 

40/110 



63S081A 

15/125 



27S19A 

25/115 

7112H 

25/100 





B2S123A 

25/96 











7112Y 

20/100 









IK (256x4) 

DC 

63S140 

45/130 

6300-1 

55/130 

27S20 

45/130 

7113 

30/100 

7610 

60/130 

74S387 

50/130 

B2S126 

50/120 

24SA10 

65/100 







27S20A 

30/130 



761 OA 

45/110 



B2S126A 

30/120 













7610B 

35/110 








TS 

63S141 

45/130 

6301-1 

55/130 

27S21 

45/130 

7114 

30/100 

7611 

60/130 

74S287 

50/130 

B2S129 

50/120 

24S10 

55/100 



63S141A 

30/130 



27S21A 

30/130 



7611 A 

45/110 



B2S129A 

27/120 













761 IB 

35/110 







2K (256x8) 

DC 

63S280 

45/140 

6308-1 

70/155 



7117E 

45/140 







28LA22 

75/100 









7117H 

35/140 










TS 

63S281 

45/140 

6309-1 

70/155 



7118E 

45/140 



74LS471 

60/100 

B2S135 

45/155 

28L22 

70/100 



63S281A 

28/140 





7118H 

35/140 









2K (256x8) 

TS 

63S285 

45/160 

6336-2 

70/155 













24-Pin DIP 


















2K (512x4) 

DC 

63S240 

45/130 

6305-1 

60/130 

27S12 

50/130 

7115E 

45/120 

7620 

70/130 

74S570 

55/130 

B2S130 

50/140 









27S12A 

30/130 

7115H 

35/120 

7620A 

50/120 

74S570A 

45/130 

B2S130A 

33/140 













7620B 

40/120 








fs 

63S241 

45/130 

6306-1 

60/130 

27S13 

50/130 

7116E 

45/120 

7621 

70/130 

74S571 

55/130 

B2S131 

50/140 





63S241A 

35/130 



27S13A 

30/130 

7116H 

35/120 

7621A 

50/120 

74S571A 

45/130 

B2S131A 

30/140 











7116Y 

30/120 

7621 B 

40/120 

74S571B 

35/130 





4K (512x8) 

OG 

63S480 

45/155 

6348-1 1 

70/155 

27S28 

55/160 

7123E 

45/170 



74S473 

60/155 



28SA42 

65/135 







27S28A 

35/160 

7123H 

35/170 



74S473A 

45/155 






TS 

63S481 

45/155 

6349-1 

70/155 

27S29 

55/160 

7124E 

45/170 

7649 1 

60/170 

74S472 

60/155 

B2S147 

60/155 

28L42 

95/85 



63S481A 

30/155 

6349-2 

55/155 

27S29A 

35/160 

7124H 

35/170 

7649A 

45/170 

74S472A 

45/155 

B2S147A 

45/155 

28S42 

60/135 













74S472B 

35/155 





4K (512x8) 

TS 

63S485 

45/160 

6341-1 

70/155 

27S31 

55/175 



7641 

70/170 

74S474 

65/170 

B2S141 

60/175 

28S46 

60/135 

24-Pin DIP 




6341-2 

55/155 

27S31A 

35/175 



7641 A 

45/170 

74S474A 

45/170 

















74S474B 

35/170 





4K (512x8) 

Its 

63RA481 

20/180 



27S25 

27/185 

7226RA/RS-25 

25/170 



87SR25 

27/185 





Registered 


63RA481A 

15/180 



27S25A 

20/185 

7226RA/RS-20 

20/170 



87SR25B 

20/185 





4K(1Kx4) 

oc 

63S440 

45/140 

6352-1 

60/175 

27S32 

55/140 

7121E 

45/150 

7642 

60/140 

74S572 

60/140 



24SA41 

60/140 


1 





27S32A 

35/140 

7121H 

35/150 

7642A 

50/140 

74S572A 

45/140 















7642B 

45/140 








TS 

63S441 

45/140 

6353-1 

60/175 

27S33 

65/140 

7122E 

45/150 

7643 

60/140 

74S573 

60/140 

B2S137 

60/140 

24S41 

60/140 



63S441A 

35/140 

6353-2 

50/140 

27S33A 

35/140 

7122H 

35/150 

7643A 

50/140 

74S573A 

45/140 

B2S137A 

45/140 











7122Y 

30/150 

7643B 

45/140 

74S573B 

35/140 

B2S137B 

35/140 
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PROM Performance Analysis 

(Maximum Commercial Limits) 




MMI(TiW) 

MMI(NiCr) 

AMD 

FUJITSU 

HARRIS 

NATIONAL 

SIGNETICS 

Tl 


Out 



(REFERENCE ONLYI 













Type 

put 

Part No. 

TAAVICC 

Part No. 

TAA/ICC 

Part No. 

TAAVICC 

Part No. 

TAAVICC 

Part No. 

TAA/ICC 

Part No. 

TAAVICC 

Part No. 

TAA/ICC 

Part No. 

TAA/ICC 

4K(1Kx4) 

TS 

630A441 

18/180 



27S65 

15/185 











Diagnostic 


63DA442 

18/180 



27S65A 

12/185 











8K(1Kx8) 

TS 

63S881 

45/160 

6381-1 

90/175 

27S181 

60/185 

7132E 

55/175 

7681 

70/170 

87S181 

55/170 

82S181 

70/175 

28S86A 

65/165 

600-mllDIP 


63S881A 

30/160 

6381-2 

55/170 

27S181A 

35/185 

7132H 

45/175 

7681A 

50/170 

87S181A 

45/170 

82S181A 

55/175 











7132Y 

35/175 





82S181B 

45/175 



8K(1Kx8) 

TS 

63S881NS 

45/160 

6381-INS 

90/175 

27S281 

60/185 

7132E-SK 

55/175 

6-7681 

70/170 

87S281 

55/170 

82S181N3 

70/175 



300-mllDIP 


63S881ANS 

30/160 

6381-2NS 

55/170 

27S281A 

35/185 

7132H-SK 

45/175 

6-7681A 

50/170 



82S181AN3 

55/175 











7132Y-SK 

35/175 









8K(1Kx8) 

TS 

63RS881 

20/180 



27S35/37 

25/185 

7232RA/RS-25 

25/185 



87SR181 

20/175 





Registered 


63RS881A 

15/180 



27S35/37A 

20/185 

7232RA/RS-20 

20/185 









8K(2Kx4) 

TS 

63S841 

50/150 

6389-1 

70/170 

27S185 

50/150 

7128E 

55/155 

7685 

70/170 

87S185 

55/140 

82S185 

100/120 

24S81 

70/175 



63S841A 

35/150 

6389-2 

55/155 

27S185A 

35/150 

7128H 

45/155 

7685A 

50/170 

87S185A 

45/140 

82S185A 

50/155 











7128Y 

35/155 



87S185B 

35/140 

82S185B 

45/155 



8K(2Kx4) 

TS 

63DA841 

20/185 



27S75 

15/185 











Diagnostic 






27S75A 

12/185 











16K(2Kx8) 

TS 

63S1681 

50/185 



27S191 

50/185 

7138E 

55/180 

76161 

60/180 

87S191 

65/175 

82S191 

80/185 

28S166 

75/175 

600-mil DIPl 


63S1681A 

35/185 



27S191A 

35/185 

7138H 

45/180 

76161A 

50/180 

87S191A 

45/175 

82S191A 

55/185 











7138Y 

35/180 



87S191B 

35/175 

82S191B 

45/185 



16K(2Kx8) ! 

TS 

63S1681NS 

50/185 



27S291 

50/185 

7138E-SK 

55/180 

6-76161 

60/180 

87S291 

65/175 

82S191BN3 

45/185 



300-mil DIP 


63S1681ANS 

35/185 



27S291A 

35/185 

7138H-SK 

45/180 

6-76161A 

50/180 















7138Y-SK 

35/180 









16K(2Kx8) 

TS 

63RA/RS1681 

20/185 



27S45/47 

25/185 











Registered 


63RA/RS1681A 

15/185 



27S45/47A 

20/185 











CD 

TS 1 

63S1641 

50/175 



27S41 

50/165 

7152E 

55/170 

76165 

60/170 

87S195A 

45/170 

82HS195 

45/155 





63S1641A 

35/175 



27S41A 

35/165 

7152H 

45/170 



87S195B 

35/170 













7152Y 

35/170 



■ 






16K(4Kx4) 

TS 

63D1641 

20/190 



27S85 

15/185 











Diagnostic 

2S 

63DA1643 

20/190 



27S85A 

12/185 











Op 

TS 

63S3281 

45/190 



27S43 

55/185 

7142E 

65/185 

76321 

65/190 

87S321 

55/185 

82S321 

70/175 



, 


63S3281A 

35/190 



27S43A 

40/185 

7142H 

55/185 





82HS321 

45/175 



oo 

op 

TS 

63S6481** 

55/190 



27S49 

55/190 

7144E 

65/190 

76M1 

85/190 









63S6481A 

45/190 



27S49A 

40/190 

7144H 

55/190 










*tCLK for Registered and Diagnostic PROMs 
**Preliminary Information 



High Performance 
32x8 PROM 
TiW PROM Family 


53/63S080 

53/638081 

63S081A 


Features/Benefits 

• 15-ns maximum access time 

• Reiiabie titanium-tungsten fuses (TiW) guarantee 
greater than 98% programming yieids 

p Low-voitage generic programming 

• PNP inputs for iow input current 

• Open coilectPr or three-state outputs. 

Applications 

• Programmable iogiceiement (PLE^) 5 inputs, 8 outputs, 
32 product terms 

• Address decoder 

• Priority encoder 


Description 

The 53/63S080, 53/63S081 and 63S081A feature low input cur- 
rent PNP inputs, full Schottky clamping and three-state and 
open collector outputs. The titanium-tungsten fuses store a 
logical low and are programmed to the high-state. Special on- 
chip circuitry and extra fuses provide preprogramming testing 
which assures high programming yields and high reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 


Programming 

The 53/63S080, 53/63S081 and 63S081A are programmed with 
the same programming algorithm as all other Monolithic Memo- 
ries’ generic TiW PROMs. For details contact the factory. 


Selection Guide 



Pin Configurations 


Block Diagram 



Plastic Chip Carrier 



PLE^" is a trademark of Monolithic Memories. 


2175 Mission College Blvd. Santa Clara, C A 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 


TWX: 910-338-2374 








53/63S080 53/63S081 63S081A 


Absolute Maximum Ratings 

Supply voltage Vqq — . — . . — 

Input voltage ; 

Input current / 

Off-State output voltage .... ...... .... .... 

Storage temperature 


Operating 

Programming 

. . . . . -0.5 V to 7 V 

12V 

...... -1.5 V to 7 V 

7V 

.-30mAto+5mA 


. . . -0.5 V to5.5V . . . . 


-65 °C to +150 °C 



Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

COMMERCiAL 
MIN NOM MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 



Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V[H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN l| = -18 mA 

-1.5 

V 

l|L 

Low-level input current 

Vqq = MAX V| = 0.4 V 

-0.25 

mA 

l|H 

High-level input current 

Vqq = MAX V| = Vqq MAX 

40 

mA 

VoL 

Low-level output voltage 

Vqq = MIN 

Iql = ‘•6 mA 

Com 

0.45 

V 

Mil 

0.5 

VqH 

High-level output voltage* 

Vqq = min 

Com Iqh = -3.2 mA 

2.4 

V 

Mil Iqh = -2 mA 

'OZL 

Off-State output current* 

Vqq = MAX 

Vo = 0.4V 

-40 


'OZH 

Vq = 2.4 V 

40 

'CEX 

Open collector output current 

Vqq = MAX 

Vq = 2.4 V 

40 

pA 

Vo = 5.5V 

100 

'os 

Output short-circuit current** 

< 

O 

o 

II 

CJl 

< 

> 

o 

II 

O 

> 

-20 -90 

mA 

'cc 

Supply current 

Vqq = MAX. All inputs grounded. All outputs open. 

90 125 

mA 


Switching Characteristics over operating conditions (See standard test ioad) 


OPERATING 

CONDITIONS 

DEVICE TYPE 

*AA <"*) 

ADDRESS ACCESS TIME 

tEAANDtER(ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 

TYPf 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S081A 

9 

15 

9 

20 

ns 

63S080, 63S081 

9 

25 

9 

20 

MILITARY 

53S080, 53S081 

9 

35 

9 

30 


* Three-state only. 

* * Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
f TypicalsatS.O V VQQand 25 °CTa. 
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High Performance 
256x4 PROM 
TiW PROM Family 


53/63S140 
53/638141 
53/6381 41 A 


Description 


Features/Benefits 

• 30-ns maximum acce88 time 

• Reiiabie titanium-tungsten fuses (TiW) guarantee 
greater than 98% programming yields 

• Low-voltage generic programming 

• PNP inputs for low input current 

• Open collector or three-state outputs 

Applications 

• Microprogram control store 

• Microprocessor program store 

• Look-up table 

• Character generator 

• Code converter 

• Programmable Logic Element (PLE^**) with 8 inputs, 
4 outputs^ and 256 product terms 


The 53/63S140 and 53/63S141/A are 256x4 bipolar PROMs 
featuring low input current PNP inputs, full Schottky clamping, 
and open collector or three-state outputs. The titanium-tungsten 
fuses store a logical low and are programmed to the high state. 
Special on-chip circuitry and extra fuses provide preprogram- 
ming testing which assures high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 


Programming 

The 53/63S140 and 53/63S141/A PROMs are programmed with 
the same programming algorithm as ail other Monolithic Memo- 
ries’ generic TiW PROMs. For details contact the factory. 


Selection Guide 


MEMORY 

PACKAGE 

PERFORMANCE 

PART NUMBER 

SIZE 

ORGANIZATION 

OUTPUT 

PINS 

TYPE 

0°CtO+75®C 

-55®Cto+125®C 



TS 



Enhanced 

63S141A 

53S141A 

1 K 

256x4 

TS 

Standard 

63S141 

53S141 



OC 

63S140 

53S140 


Pin Configurations Block Diagram 




PLE’" is a trademark of Monolithic Memories 

TWX: 910-338-2376 

21 75 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel; (408) 970-9700 TWX: 910-338-2374 
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53/63S140 53/63S141/A 


Absolute Maximum Ratings 

Operating Programming 

Supply voltage Vqq -0.5 V to 7 V . . . . . . . . — .... . . . . ..12V 

Input voltage -1.5 V to 7 V . ....... ; . . — .... ... .7 V 

Input current -30 mA to +5 mA 

Off-state output voltage -0.5 V to 5.5 V 12V 

Storage temperature .-65® to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

COMMERCIAL 
MIN NOM MAX 

UNIT 


Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 


Operating free-air temperature 

-55 125 

0 75 

®c 


Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

UNIT 

VlL 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = M1N l| = -18 mA 

-1.5 

V 

l|L 

Low-level input current 

Vcc = MAX V| = 0.4V 

-0.25 

mA 

'IH 

H i g h-level 1 n put cu rrent 

Vcc = max V| = Vqq max 

40 

mA 

VoL 

Low-level output voltage 

Vqq = MIN 

Iql ” "^6 iTiA 

Com 

0.45 

V 

Mil 

0.5. 

VOH 

High-level output voltage* 

Vqq = MIN 

Com Iq|_| = -3.2 mA 

2.4 

V 

Mil Iqh = -2 mA 

•OZL 

Off-state output current* 

Vqq = MAX 

Vo = 0.4V 

. -40 ] 

/uA 

'OZH 

Vo = 2.4V 

40 

'CEX 

Open collector output current 

Vqq = MAX 

Vq = 2.4 V 

40 

mA 

Vo = 5.5V 

100 

'os 

Output short-circuit current** 

> 

10 

11 

O 

O 

> 

> 

o 

II 

O 

> 

-20 -90 

mA 

'cc 

Supply current 

Vqq = MAX. All inputs grounded. All outputs open. 

80 130 

mA 


Switching Characteristics over operating conditions (See standard test load) 


OPERATING 

CONDITIONS 

DEVICE TYPE 

*AA ("») 

ADDRESS ACCESS TIME 

tgA and t£p (ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 

TYPt 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S141A 

20 

30 

10 

20 

ns 

63S140,63S141 

20 

45 

10 

25 

MILITARY 

53S141A 

20 

40 

10 

30 

53S140, 53S141 

20 

55 

10 

30 


* Three-State oniy. 

* * Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at 5.0 V Vcc 25° C T^. 
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High Performance 
512x4 PROM 
Ti-W PROM Family 


53/63S240 

53/63S241 

53/63S241A 














53/63S240 53/693241 /A 


Absolute Maximum Ratings 

Operating Programming 

Supply voltage Vqq/... -0.5 V to 7 V ............... ....... 12 V 

Input voltage -1.5 V to 7 V 7 V 

Input current -30 mA to +5 mA 

Off-state output voltage .-0.5 V to 5.5 V .........12V 

Storage temperature -65®to+150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MiLiTARY 

MiN NOM MAX 

COMMERCIAL 
MIN NOM MAX 

UNIT 

< 

O 

O 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 



Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2 

V 

v,c 

Input clamp voltage 

Vqq = MIN l| = -18 mA 

-1.5 

V 

l|L 

Low-level input current 

Vcc = max V| = 0.4 V 

-0.25 

mA 

l|H 

High-level input current 

Vcc = max V| = Vqq max 

40 

mA 

_l 

o 

> 

Low-level output voltage 

Vqq = MIN 

lQL = 16mA 

Com 

0.45 


Mil 

0.5 

X 

o 

> 

High-level output voltage* 

Vqq = MIN 

Com Iqh = -3.2 mA 

2..4.^, 

V 

Mil Iqh = -2 mA 

'OZL 

Off-state output current* 

Vqq = MAX 

Vo = 0.4V 

-40; 

mA 

'OZH 

Vo = 2.4V 

40 

1 

'cpx 

Open collector output current 

Vcc = max 

Vo = 2.4V 

40 

mA 

Vq = 5.5 V 

100 

'os 

Output short-circuit current** 

< 

O 

o 

II 

< 

< 

O 

II 

o 

< 

-20 -90 

mA 

'cc 

Supply current 

Vqq =' MAX. All inputs grounded. All outputs open. 

80 130 

mA 


Switching Characteristics over operating conditions (See standard test load) 


OPERATING 

CONDITIONS 

DEVICE TYPE 

ADDRESS ACCESS TIME 

tg/v AND tER (ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 

TYPt 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S241A 

25 

35 

12 

20 

ns 

63S240, 63S241 

25 

45 

12 

25 

MILITARY 

53S241A 

25 

45 

12 

30 

53S240, 53S241 

25 

55 

12 

30 


* Three-State only. 

* * Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
f Typicals at 5.0 V Vqq and 25“ C T^. 
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High Performance 
256x8 PROM 
TiW PROM Family 


53/63S280 

53/63S281 

53/63S281A 


Features/Benefits 

• 28-ns maximum access time 

• Reiiabie titanium-tungsten fuses (TiW) guarantee 
greater than 98% programming yieidi 

• Low-voitage generic programming 

• PNP inputs for iow input current 

• Open coiiector or three-state outputs 

Applications 

• Microprogram controi Store 

• Microprocessor program store 

• Look-up tabie 

• Character generator 

• Code converter 

• Programmabie Logic Eiement (PLE^**) with 8 inputs, 
8 outputs, and 256 product terms 

Selection Guide 


Description 

The 53/63S280 and 53/63S281/A are 256x8 bipolar PROMs 
featuring low input current PNP inputs, full Schottky clamping, 
and open collector or three-state outputs. The titanium-tungsten 
fuses store a logical low and are programmed to the high state. 
Special on-chip circuitry and extra fuses provide preprogram- 
ming testing which assures high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 


The 53/63S280 and 53/63S281/A PROMs are programmed with 
the same programming algorithm as all other Monolithic 
Memories’ generic TIW PROMs. For details contact the factory. 


Programming 


MEMORY 

PACKAGE 

PERFORMANCE 

PARTNIMBER 

SIZE 

ORGANIZATION 

OUTPUT 

PINS 

TYPE 

0°Cto+75°C 

-55°Ctd+125°C 



TS 


N,J,W 

NL.L 

Enhanced 

63S281A 

53S281A 

2K 

256x8 

TS 

20 

Standard 

63S281 

53S281 



00 


63S280 

53S288 


Pin Configurations 


Block Diagram 




PLE'“ is a trademark of Monolithic Memories. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel; (408) 970-9700 TWX; 910-338-2374 
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53/63S280 53/63S281/A 


Absolute Maximum Ratings 

Supply voltage Vqq * ... . . . 

Inpiut voltage 

Input current — 

Off-state output voltage ........ 

Storage temperature 


Operating 

. . . . -0.5 V to 7 V 
.... -i.5Vto7 V 
-30 mA to +5mA 
...-0.5Vto5.5V 
..-65® to+150°C 


Programming 

12 V 

.......... 7 V 

.12 V 


Operating Conditions 


SYMBOL 

PARAMETER 

MiLiTARY 

MiN NOM MAX 

COMMERCIAL 
MIN NOM MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 

OQ 


DC Eiectricai Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

UNIT 

V|L 

Lovi/-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

I| = -18 mA 

-1.5 

V 

l|L 

Low-level input current 

Vqq = MAX 

V| = 0.4 V 

-0.25 

mA 

l|H 

High-level input current 

Vqq = MAX 

V| = Vqq MAX 

40 

fxA 

_J 

o 

> 

Low-level output voltage 

Vqq = min 

Iqi_ =16 mA 

Com 

0.45 

V 

Mil 

0.5 

'^OH 

High-level output voltage* 

Vqq = MIN 

Com Iq|_| = -3.2 mA 

2A 

V 

Mil Iqh - “2 mA 

'OZL 

Off-state output current* 

Vqq = MAX 

Vq = 0.4 V 

-40 

mA 

>OZH 

Vq = 2.4 V 

40 

'CEX 

Open collector output current 

Vqq = MAX 

Vq = 2.4 V 

40 

mA 

Vq = 5.5 V 

100 

'os 

Output short-circuit current** 

Vqq = 5V 

> 

o 

II 

O 

> 

i 

-20 -90 

mA 

'cc 

Supply current 

Vqq = MAX. All inputs grounded. All outputs open. 

90 140 

mA 

1 


Switching Characteristics over operating conditions (See standard test load) 


OPERATING 

CONDITIONS 

- , 

DEVICE TYPE 

*aa(''*) 

ADDRESS ACCESS TIME 

tEAANDtgR (ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 

TYPt 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S281A 

21 

28 

18 

25 

ns 

63S280, 63S281 

21 

45 

18 

25 

MILITARY 

53S281A 

21 

40 

18 

30 

53S280, 53S281 

21 

50 

18 

30 


* Three-state only. * * Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at 5.0 V Vqq and 25° C T^. 
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High Performance 
256x8 PROM 
TiW PROM Family 


Features/ Benefits 

• Replaces 24-pin 256x8 NiCr PROM (6336) 

• Upward pinout-compatible with higher density PROMs 

• 45-ns maximum access time 

• Reliable titanium-tungsten fuses (TiW) guarantee greater 
than 99% programming yields 

• Low voltage generic programming 

• PNP inputs for low input current 

• Three-state outputs with four enable pins 

Applications 

• Microprogram control store 

• Microprocessor program store 

• Look-up table 

• Character generator 

• Code converter 


Description 

The 63S285 is a 256x8 bipolar PROM featuring low-current PNP 
inputs, full Schottky clamping, and three-state outputs. The 
titanium-tungsten fuses store a logical low and are programmed 
to the high State. Special on-chip circuitry and extra fuses provide 
preprogramming testing which assures high programming 
yields and high reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. 


Programming 

The 63S285 PROM is programmed with the same programming 
algorithm as all other Monolithic Memories generic TiW PROMs. 
For details contact the factory. 



Selection Guide 



2K 256x8 24 N,J TS Standard 63S285 


Pin Configuration 




Memories 



TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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63S285 


Absolute Maximum Ratings 

Supply voltage Vcc — 

Input voltage 

Input current 

Off-state output voltage 

Storage temperature 


Operating 

. . . . -0.5 V to 7 V 
.... -15Vto7 V 
-30 mA to +5 mA 
.. -0.5 V to 5.5 V 
. -65Mo+150°C 


Programming 

12V 

7V 

12V 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN NOM MAX 

UNIT 

- 

VcG 

Supply voltage 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

0 75 



DC Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

UNIT 

V|L 

Low-level input voltage 

Guaranteed input logical low voltage 

for all inputstt 

0.8 

V 

V|H 

High-level input voltage 

Guaranteed input logical high voltage 
for all inputstt 


V 

vjq 

input clamp voltage 

Vcc = MIN 

i| = -18 mA 

5'''' 

V 

l|L 

Low-level input current 

Vcc = max 

V| = 0.4V 

-0.25 

mA 

i|H 

High-level input current 

Vcc = max 

V| = VccMAX 

40 

mA 

VOL 

Low-level output voltage 

Vcc = min 

IOL = 16 

0.45 

V 

vqh 

High-level output voltage 

Vcc = min 

IOH = -3.2nriA 

2.4 

V 

IQZL 

Off-state output current 

Vcc = max 

Vo = 0.4 V 

-40 : 

mA 

lOZH 

Vo - 2.4 V 

40 

iQS 

Output short-circuit current* 

VCC=5V 

■ 

> 

o 

II 

O 

> 

-20 -90 

mA 

Ice 

Supply current 

Vcc = max. All inputs grounded. All outputs open. 

115 160 i 

mA 


Switching Characteristics Over Operating Conditions (See standard test load) 


OPERATING 

CONDITIONS 

DEVICE TYPE 

tAA 

ADDRESS A( 

(ns) 

:CESSTIME 

tEA and tER (ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 


TYPt 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S285 

26 

45 

18 

30 

j ns 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

■f Typicals at 5.0 V Vcc. and 25® CTa- 

■j"!' ViL and V|h limits are absolute values with respect to the device ground pin(s) and include all overshoots due to test equipment noise. 
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High Performance 53/63S440 

1 024x4 PROM 53/63S441 

TiW PROM Family 53/63S441 A 


Features/ Benefits 

• 35-ns maximum access time 

• Reiiabie titanium-tungsten fuses (TiW) guaranty 
greater than 98% programming yields 

• Low-voltage generic programming 

• PNP inputs for low input current 

• Open collector or three-state outputs 

Applications 

• Microprogram control stores 

• Microprocessor program store 

• Look-up table 

• Character generator 

• Code converter 

• Programmable logic element (PLE^**) 1 0 inputs, 4 outputs, 
1024 product terms 

Selection Guide 


Description 

The 53/63S440 and 53/63S441/A are 1024x4 bipolar PROMs 
featuring low input current PNP inputs, full Schottky clamping 
with open collector or three-state outputs. The titanium- 
tungsten fuses store a logical low and are programmed to the 
high-state. Special on-chip circuitry and extra fuses provide 
preprogramming testing which assures high programming 
yields and high reliability. 

The 63 series is specified for. operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 


Programming 

The 53/63S440 and 53/63S441/A PROMs are programmed with 
the same programming algorithm as all other Monolithic 
Memories’ generic TiW PROMs. For details contact the 
factory. 


MEMORY 

PACKAGE 

PERFORMANCE 

PART NUMBER 

SIZE 

ORGANIZATION 

OUTPUT 

PINS 

TYPE 

0°Cto+75°C 

-55°Cto +125‘’C 

4K 

1024x4 

IS 

(20) 

N,J,W, 

(NL).(L) 

Enhanced 

63S441 A 

53S441A 

TS 

Standard 

638441 

53S441 

OC 

63S440 

53S440 


Pin Configuration 

1 
ID 

B AA 

ID A 3 

AO 

3 

HUB A2 

3 
3 


Block Diagram 


E 

*6 Vcc 

E 

As A^ 

E 

A4 Ag 

E 

A3 Ag 

E 

Aq 1024x4 0^ 

E 

At O2 

E 

A2 O3 

E 

^ O4 

E 

GND eJ 


Plastic Chip Carrier 



AS 

A6 NC VCC A7 



AO— ■ 
A-7 17 

1 OF 64 





A7— 

ROW 

/ 

3 

2 1 20 19 



A6— 

A5-^ 

DECODER 

4 


O 

18 

Da8 

A4-^ 


5 



17 

:a9 



6 


1024x4 

16 

]01 



7 



15 

]nc 



8 



14 

] 02 

A2 — 

1 OF 16 






S ! 

COLUMN 


9 

10 11 12 13 



A1 

DECODER 


TP” 

cj-y u u 



AO-^ 



El GND E2 04 03 









S12Q- 



1 

)F16MUL- 

riPLEXER 





04 

01 

02 

03 
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53/63S440 53/63S441/A 


Absolute Maximum Ratings 

Operating 

Supply voltage Vqq. . — -0.5 V to 7 V 

Input voltage ........ ....... ..... . ... .... -1.5 V to 7 V 

Input current -30 mA to +5 mA 

Off-State output voltage ; -0.5 V to 5.5 V 

Storage temperature -65° to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

COMMERCIAL 
MIN NOM MAX 

UNIT 


^upply voltage 

4.5 5 5.& 

475 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 

00 


Electricai Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPf MAX 

UNIT 

V|L 

Low-level input voltage; 


0.8 

V 

V|H 

High-level inpCit voltage 


2 

y 

V|C: 

Input clamp voltage 

Vqq= min l| = -18 mA 

-1.5 

V 

l|L 

Low-level input current 

Vcc=MAX V| = 0.4V 

-0.25 

mA 

■iH 

High-level input current 

Vcc=MAX V| = VqqMAX 

40 

mA 

VOL 

Low-level output voltage 

Vqq = MIN 


Com 

0.45 

V 

Mil 

0.5 

VqH 

High-level output voltage* 

Vqq = MIN 

Com Iqh = -3 2 mA 

2.4 

V 

Mil Iqh = -2 mA 

'OZL 

Off-state output current* 

Vqq = MAX 

Vo = 0.4 V 

-40 

>A 

'OZH 

Vo = 2.4V 

40 

'CEX 

Open collector output current 

Vqq = MAX 

Vo=2.4V 

40 

mA 

Vq = 5.5 V 

100 

'os 

Output short-circuit current** i 

Vqq =5V 

> 

o 

1! 

o 

> 

-20 -90 

mA 

icc 

Supply current 

Vqq = MAX. All inputs grounded. All outputs open. 

95 140 

mA 


Switching CharSCtoristiCS over operating Conditions (See standard test load) 


OPERATING 

CONDITIONS 

DEVICE TYPE 

fAA (•’S) 

ADDRESS ACCESS TIME 

^ ^ 

tEAANDtERtns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNit 

;<'■ .TYPt 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S441A i 


35 

-lei 

25 

"ns"' ' 

63S440. 63S441 | 

24 

45 

16 

2b 

MILITARY 

53S441A 

:';:f4: 24 "■ 

50 

16 

30 

53S440. 53S441 

24 

i 55 

16 

30 


* Three-state only. 

** Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at 5.0 VVcca'icl25°CTA.-‘ 


Programming 

12 V 

.......... 7 V 

.........12 V 
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Pin Configurations 


Block Diagram 


A2 A1 AO VCC A8 


3 2 1 20 19 


|T A3 A6 £| 

F A4 512x8 as je] 


4 

o 


18 

:a7 

5 



17 

]A6 

6 

512x8 


16 

Has 

7 



15 

:e 

8 



14 

2 os 

^ . 

9 10 11 12 

13 




U Til 0 " LT 
04GND05 06 

TT 

07 




1 OF 64 
ROW 

DECODER 

=:> 


1 OF 8 

k. 

COLUMN 

DECODER 

— >> 


64x64 

PROGRAMMABLE 

ARRAY 


1 OF 8 MULTIPLEXER 


Plastic Chip Carrier 


1 6 |7 |8 |9 [11 [12 |13 |14 

01 02 03 04 05 06 07 08 


PLE’“ is a trademark of Monolithic Memories. 
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93/63S480 53/63S481/A 


Absolute Maximum Ratings operating Programming 

Supply voltage Vqq . -0.5 V to 7 V 12 V 

Input voltage ; -1.5 V to 7 V 7 V 

Input current -30 mA to +5 mA 

Off-state output voltage -0.5 V to 5.5 V .12V 

Storage temperature .-65® tO+150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

COMMERCIAL 
MIN NOM MAX 

UNIT 


Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 



DC Eiectricai Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

UNIT 

1 V|L 

Low-level input voltage 


0.8 

V 

I V|H 

High-level input voltage 


2 

V 

; vic 

Input clamp voltage 

Vqq = MIN 

I| = -18 mA 

-1.5 

V 

||L 

Low-level input current 

Vqq = max 

V, = 0.4V 

-0.25 

mA 

l|H ” 

High-level input current 

Vqq - MAX 

Vj - Vqq MAX 

40 

mA 

_j 

O 

> 

Low-level output voltage 

Vqq = MIN 

Iql ~ “16 mA 

Com 

0.45 

V 

Mil 

0.5 

^OH 

High-level output voltage* 

Vqq = MIN 

Com Iqi-i = -3.2 mA 

2.4 

V 

Mil Iqh “ 2 mA 

•OZL 

Off -state output current* 

Vqc = MAX 

Vo=^0.4V 

-40 

mA 

'OZH 

Vo = 2.4V 

40 

'CEX 

Open collector output current 

Vqq = MAX 

Vq = 2.4 V 

40 

mA 

Vq = 5.5V 

100 

'os 

Output short-circuit current** 

Vcc=5V 

> 

o 

II 

O 

> 

-20 -90 

mA 

'cc 

Supply current 

Vqq = max. All inputs grounded. All outputs open. 

104 155 

mA 


Switching Characteristics over Operating conditions (^e standard test load) 


OPERATING 

CONDITIONS 

DEVICE TYPE 

*aa(*’®) 

ADDRESS ACCESS TIME 

%A and tgp (ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 

TYPt 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S481A 

22 

30 

18 

25 

ns 

63S480, 63S481 

22 

45 

18 

25 

MILITARY 

53S481A 

22 

40 

18 

30 

53S480, 53S481 

22 

50 

18 

35 


* Three-state only. * * Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at 5.0 VVqq and 25° C T^. /.s 
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High Performance 53/63S485 

512x8 PROM 
TiW PROM Family 


Features/ Benefits 

• Upward pinout-compatible with higher density PROMs 

• 45-ns maximum access time 

• Reliable titanium-tungsten fuses (TiW) guarantee greater 
than 99% programming yields 

• Low-voltage generic programming 

• PNP inputs for low input current 

• Three-state outputs with four ANDed enable pins 

• Saves space with 24-pin SKINNYDIP® package 


Description 

The 53S485 and 63S485 are 512x8 bipolar PROMs featuring low 
current PNP inputs, full Schottky clamping, and three-state 
outputs. The titanium-tungsten fuses store a logical low and are 
programmed to the high state. Special on-chip circuitry and 
extra fuses provide preprogramming testing which assures high 
programming yields and high reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 


Programming 

The 53S485 and 63S485 PROMs are programmed with the same 
programming algorithm as all other Monolithic Memories generic 
TiW PROMs. For details contact the factory. 


Applications 

• Microprogram control store • Character generator 

• Microprocessor program store • Code converter 

• Look-up table 

Selection Guide 


MEMORY 

OUTPUT 

PACKAGE 

PERFORMANCE 

PART NUMBER 

SIZE 

ORGANIZATION 

. ... ■ 

PINS 

TYPE 

0°Cto+75°C 

-55°C to +125‘^C 

4K 

512x8 

TS 

24 

(28) 

NS,JS,N,J,W, 

(NL),(L) 

Standard 

63S485 

53S485 


Pin Configurations 






AS 

A6 

A7NCVCCA8 

NC 







XI 

XI 

n n 

XI 

JZL 

XI 






/ 

4 

3 

2 1 

28 

27 

26 

n 



A4 

C 

5 



O 




— 1 

25 j 


Ei 

A3 

C 

6 







24 



A2 

C 

7 







23 


E3 

A1 

c 

8 



512x8 



22 

: 

E4 

AO 

c 

9 







21 

] 

NC 

Ndri 

10 







20 

1 

08 

01 

q 

11 







19 

1 

07 


1 


12 

13 

14 15 

16 

17 

18 
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02 O3GNbNCO4 05 06 

Plastic Chip Carrier 


SKINNYDIP® is a registered trademark of Monolithic Memories. 
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53/63S485 


Absolute Maximum Ratings 

Supply voltage Vcc 

Input voltage — .. 

Input current 

Off-state output voltage . — 

Storage temperature 


Operating 

.... -0.5 V to 7 V 
.... -1.5 V to 7 V 
-30 mA to +5 mA 
.. -0.5 V to 5.5 V 
-65°C to +150*^0 


Programming 

12 V 

......... 7 V 

12V 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

, 

COMMERCIAL 
MIN NOM MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 6 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 

°c 


DC Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

UNIT 

V|L 

Low-level Input voltage 

Guaranteed input logical low voltage 
for all inputs 

0.8 

V 

V|H 

High-level input voltage 

Guaranteed input logical high voltage 
for air inputs 

2 

V 

V|C 

Input clamp voltage 

vgc = min 

I| = -18 mA 

-1.5 

V 

•IL 

Low-level Input current 

Vcc = max 

V| = 0.4V 

-0.25 

mA 

IlH 

High-level input current 

Vcc = max 

V| = VccMAX 

40 

nA 

VoL 

Low-level output voltage 

Vcc = min 

Com 

IOL=‘'6i^A 

Mil 

0.45 

0.5 

V 

vqh 

High-level output voltage 

Vcc=MIN 

Com Iqh ” "3.2 mA 

Mil Iqh = "2 mA 

2.4 

V 

iqzl 



Vo = 0.4 V 

-40 


lOZH 

Off-state output current 

vcc “ IVIAA 

Vo = 2.4 V 

40 

ixA 

los** 

Output short-circuit current** 

VcC"5V 

Vo = 0 V 

-20 -90 

mA 

ICC 

Supply current 

Vcc " max. All inputs grounded. All outputs open. 

115 160 

mA 


Switching Characteristics over operating conditions (See standard test load) 


OPERATING 

nnNniTinN<5 

DEVICE TYPE 

tAA(ns) 

ADDRESS ACCESS TIME 



tEA and tER (ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 



TYPt 

MAX 

TYPt 

MAX 


COMMERCIAL 

63S485 

26 

45 

18 

30 


MILITARY 

53S485 

26 

55 

18 

35 

1 lO 


* * Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
I Typical at 5.0 V Vqc- 3'^^ 25° C Ta- 










2048x4 PROM 
TiWPROM 


53/63S841 

53/63S841A 


Features/Benefits 

• 35-ns maximum access time 

• Reliable titanium-tungsten fuses (TiW) guarantee 
greater than 98% programming yields 

• Low-voltage generic programming 

• PNP inputs for low input current 

Applications 

• Microprogram control store 

• Microprocessor program store 

• Look-up table 

• Character generator 

• Code converter 

• Programmable Logic Element (PLE^**) with 11 inputs, 
4 outputs and 2048 product terms per output 

Selection Guide 


Description 

The 53/63S841 and 53/63S841 A are 2CM8x4 bipolar PROMs 
featuring low input current PNP inputs, full Schottky clamping, 
and three-state outputs. The titanium-tungsten fuses store a 
logical low and are programmed to the high state. Special on- 
chip circuitry and extra fuses provide preprogramming testing 
which assures high programming yields and high reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 


Programming 

The 53/63S841 and 53/63S841A PROMs are programmed with 
the same programming algorithm as all other Monolithic Memories 
generic TiW PROMs. For details contact the factory. 


MEMORY 

PACKAGE 

PERFORMANCE 

PART NUMBER 

SIZE 

ORGANIZATION 

OUTPUT 

PINS 

TYPE 

0°C to +75X 

-55°Cto+125°C 

8K 

2048x4 

. 


18 

N,J,W. 

Enhanced 

63S841A 

53S841A 

(20)* 

(NL),(L) 

Standard 

638841 1 

53S841 


* Available in either a 20 or 28 terminal ceramic Leadless Chip Carrier. 


Pin Configurations 


Block Diagram 



PLE’" is a trademark of Monolithic Memories. 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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53/63S841 53/63S841A 


Absolute Maximum Ratings 

Supply voltage Vqq . 

Input voltage ... 

Input current 

Off-state output voltage 

Storage temperature — 


Operating 

. . . . -0.5 V to 7 V 
. ... -1.5 V to 7 V 
-30 mA to +5 mA 
... -0.5 V to 5.5 V 
..-65° to +150° C 


Programming 

12 V 

7V 

........ .12 V 


operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

COMMERCIAL 
MIN NOM MAX 

UNIT 

< 

O 

o 

; ^ ^ — 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

JA 

Operating free-air temperature 

-55 125 

0 75 

°c 


Eiectrical Characteristics over operating conditions 


SYMBOL 

. 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

UNIT 

vil: 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2/,>v,:„+' 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

I| = -18 mA 



l|L 

Low-level input current 

Vqq = MAX 

V| = 0.4V 

-0.25 

mA 

l|H 

High-level input current 

VcQ = MAX 

V| = Vqq MAX 

■40: 

mA 

VoL 

Low-level output voltage 

Vqq = MIN 

IqI_ - 16 mA 

Corrr 

^ 0.45 

V 

Mil 

0.5 

VOH 

High-level output voltage 

Vqq = MIN 

Com Iqi-i = -3.2 mA 

2.4 

V 

Mil Iq|_| = -2 mA 

'OZL 

Off-state output current 

Vqq = MAX 

Vo = 0.4V 

-40 

mA 

'OZH 

Vq = 2.4 V 

40 

'os 

Output short-circuit current* 

< 

O 

o 

II, 

ai 

< 

> 

o 

II 

O 

> 

-20 -90 

mA 

'gc 

Supply current 

Vqq = MAX. All inputs grounded. All outputs open. 

110 150 

mA 


Switching Characteristics over operating conditions (See standard test load) 


OPERATING 

CONDITIONS 

DEVICE TYPE 

tAA(ns) 

ADDRESS ACCESS TIME 

tEA and tER (ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 

TYPt 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S841A 

30 

35 

12 

'25 

ns 

63S841 j 

30 

50 

12 

25 

MILITARY 

53S841A 1 

30 

50 

12 

30 

53S841 

30 

55 

12 

30 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
^ Typicals at 5.0 V Vqq and 25° C T^. 
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High Performance 
1 024x8 PROM 
TiW PROM Family 


53/63S881 

53/63S881A 


Features/Benefits 

• 30-ns maximum access time 

• Reliable titanium-tungsten fuses (TiW) guarantee 
greater than 99% programming yields 

• Low-voltage generic programming 

• PNP inputs for low input current 

• Three-state outputs 

• 24-pin SKINNYDIP® or 600-mil DIP package 

Applications 

• Microprogram control stores 

• Microprocessor program store 

• Look-up table 

• Character generator 

• Code converter 


Description 

The 53/63S881 and 53/63S881A are 1024x8 bipolar PROMs 
featuring low input current PNP inputs, full Schottky clamping, 
and three-state outputs. The titanium-tungsten fuses store a 
logical low and are programmed to the high state. Special 
on-chip circuitry and extra fuses provide preprogramming 
testing which assures high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 

Programming 

The53/63S881 and 53/63S881 A PROMsare programmed with 
the same programming algorithm as all other Monolithic 
Memories generic TiW PROMs. For details contact the factory. 


• Programmable Logic Element (PLE^^**) with 10 inputs, 
8 outputs and 1024 product terms 

Selection Guide 



Pin Configurations 


Block Diagram 



SKINNYDIP® is a registered trademark of Monolithic Memories. 

PLE'“ is a trademark of Monolithic Memories. TWX' 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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53/63S881 53/63S881A 


Absolute Maximum Ratings 

Operating Programming 

Supply voltage Vqq . . . . . . . . . ; . , . . -0.5 V to 7 V 12 V 

Input voltage -1.5 V to 7 V , .7 V 

Input current -30 mA to +5 mA 

Off-state output voltage .......... ... .......... .-0.5 V to 5.5 V .12 V 

Storage temperature -65° C to +1 50° C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

COMMERCIAL 
MIN NOM MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 

°c 


DC Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

unit 

V|L 

Low-level input voltage 

Guaranteed input logical low voltage 
for all inputs 

0.8 

V 

V|H 

High-level input voltage 

Guaranteed input logical high voltage 
for all inputs 

2 

V 

V|C 

Input clamp voltage 

Vqq = min 

I| = -18 mA 

-1.5 

V 

l|L 

Low-level input current 

Vqq = MAX 

V, - 0.4 V 

-0.25 

mA 

'IH 

High-level input current 

Vqq - MAX 

Vj- Vqq MAX 

40 

(uA 

VoL 

Low-level output voltage 

Vqq = MIN 

IqI_ - 1 6 mA 

Com 

0.45 

V 

Mil 

0.5 

VOH; 

High-level output voltage 

Vqq = MIN 

Com Iq|_| = -3.2 mA 

2.4 

V 

Mil Iqh = -2 mA 

'OZL 

Off-state output current 

Vqq = MAX 

Vq = 0.4 V 

-40 

mA 

'OZH 

VO-2.4V 

40 

'os 

Output short-circuit current* 

Vcc = 5V 

g 

O 

> 

-20 -90 

mA 

'cc 

Supply current 

Vqq = MAX. All inputs grounded. All outputs open. 

92 160 

mA 


Switching Characteristics over operating conditions (See standard test load) 


OPERATING 

CONDITIONS 

DEVICE TYPE 

' 

‘aA (is) 

ADDRESS ACCESS TIME 

%A^ND%p(ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 

TYPt 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S881A 

26 

30 

18 

25 

ns 

63S881 

26 

45 

18 

30 

MILITARY ! 

53S881A 

26 

45 

18 

30 

53S881 

26 

55 

18 

35 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typical at 5.0 V VcG- and 25° CTa- 
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Performance 
4096x4 PROM 
TiW PROM Family 


53/63S1641 

53/63S1641A 


Features/Benefits 

• 35-ns maximum access time 

• Reiiabie titanium-tungsten fuses (TiW) 

• Low^voltage generic programming 

• PNP inputs for iow input current 

Applications 

• Microprogram controi stores 

• Microprocessor program store 

• Look-up tabie 

• Character generator 

• Code converter 

• Programmabie Logic Eiement (PLE^**) 12 inputs, 
4 outputs, 4096 product terms 

Selection Guide 


Description 

The 53/63S1641 features low input current PNP inputs, full 
Schottky clamping and three-state outputs. The titanium- 
tungsten fuses store a logical low and are programmed to the 
high state. Special on-chip circuitry and extra fuses provide 
pre-programming testing which assures high programming yields 
and high reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 


Programming 

The 53/63S1641 PROM is programmed with the same pro- 
gramming algorithm as all other Monolithic Memories’ generic 
TiW PROMs. For details contact the factory. 


MEMORY 

PACKAGE 

PERFORMANCE 

PART NUMBER 

SIZE 

ORGANIZATION 

OUTPUT 

0°Cto+75°C 

-55° C to +125° C 




N,J, 

NL 

Enhanced 

63S1641A 

53S1641A 

16 K 

4Kx4 


Standard 

63S1641 

53S1641 



PLE"" is a trademark of Monolithic Memories. 

TWX: 910-338-2376 mm » 

2175 Mission College Bivd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 lwK0tttOi^lGS 
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53/63S1641 53/63S1641A 


Absolute Maximum Ratings 

Operating Programming 

Supply voltage V00 -O.SVto 7V 12V 

Input voltage -1 .5V to 7V 7V 

Input current “30mAto+5mA 

Off-state output voltage .-O.SVto 5.5V ; 12V 

Storage temperature -65°C to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

COMMERCIAL 
MIN NOM MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 

°C 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = min 

I| = -18 mA 

'^'■/'r,'-i.5;' 

V 

l|L 

Low-level input current 

Vqc = MAX 

V| = 0.4V 

-0.25 

mA 

l|H 

High-level input current 

Vcc = MAX 

V| = VqqMAX 

' " 40,'; 

)uA 

Vql . 

Low-level output voltage 

Vqq = MIN 

Iql “16 mA 

Com 

0.45 

V 

MM 

0.5 

VoH 

High-level output voltage 

Vcc “ min 

Com loH = "3-2nriA 

2.4 

V 

Mil Iqh = "2 mA 

'OZL 

Off-state output current 

Vqc = max 

Vo = 0.4V 

-40 

mA 

JOZH 

Vo = 2.4V 

■;40- 

'os 

Output short-circuit current* 

> 

II 

o 

o 

> 

> 

o 

II 

O 

> 

-20 -90 

mA 

'cc 

Supply current 

Vqq = max. All inputs grounded. All outputs open. 

130 175 

mA 


Switching Characteristics over operating conditions (See standard test load) 


OPERATING 

CONDITIONS 

DEVICE TIME 

f: 

tAA(ns) 

ADDRESS ACCESS TIME 

tEAANDtER(ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 

TYPt 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S1641A 

28 

35 

12 

25 

ns 

63S1641 

28 

50 

12 

25 

MILITARY 

53S1641A 

28 

50 

12 

30 

53S1641 

28 

65 

12 

30 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
■f Typicals at 5.0 VVqq and 25° CT^. 


3*26 KHonomhlo^^MBmoHes 


















LJ bl Id Id Id Id Id Id Id 1=1 Id 1=1 


High Performance 
2048x8 PROM 
TiW PROM Family 


53/63S1681 

53/63S1681A 


Features/Benefits 

• 35^ns maximum access time 

• 16384-bit memory 

• Reiiable titanium-tungsten fuses (TiW) 

• Avaiiabie in space saving SKiNNYDiP® package 


Applications 

• Microprogram controi stores 

• Microprocessor program store 

• Look-up table 

• Character generator 

• Code converter 

• Programmable Logic Element (PLE^**) 11 inputs, 
8 outputs, 2048 product terms 


Description 

The 53/63S1681 is a high-speed 2Kx8 PROM which uses 
industry standard package and pin out. In addition, the device is 
available in the 24-pin (0.3 in.) SKINNYDIP®. 

The family features low current PNP inputs, full Schottky 
clamping and three-state outputs. The Titanium-Tungsten fuses 
store a logical low and are programmed to the high state. 
Special on-chjp circuitry and extra fuses provide preprogram- 
ming tests which assure high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 

Programming 

The 53/63S1681 PROM Is programmed with the same pro- 
gramming algorithm as all other Monolithic Memories’ generic 
TiW PROMs. For details contact the factory. 


Seiection Guide 


MEMORY 

OUTPUT 

PACKAGE 

PERFORMANCE 

PART NUMBER 

SIZE 

ORGANIZATION 

PINS 

TYPE 

0°Cto+75°C 

-55®C to +125°C 

16K 

2048x8 

TS 

24 

(28) 

N,NS,J,JS,W, 

: (NL),(L) 

Enhanced 

63S1681A 

53S1681A 

Standard 

63S1681 

53S1681 


Pin Configurations Block Diagram 




SKINNYDIP® is a registered trademark of Monolithic Memories. 

PLF" is a trademark of Monolithic Memories. TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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53/63S1681 53/63S1681A 


Absolute Maximum Ratings operating programming 

Supply voltage Vqq — -0.5 Vto7V 12V 

Input voltage -1 .5 V to 7 V 7 V 

Input current. — -30 mA to +6 mA 

Off-state output voltage -0.5 V to 5.5 V .................... 12 V 

Storage temperature — -65°C to +1 50°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MiN NOM MAX 

COMMERCIAL 

MIN NOM MAX 

UNIT 

— 

Supply voltage 

4.5 5 5.5 i 


V 

mam 

Operating free air temperature 

-55 ^125 * 

0 75 



Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPf MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

y 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqg = min 

Ij = -18 mA 

-1.5 

V 

hi 

Low-level input current 

Vqq = MAX 

Vj = 0.4V 

-0.25 

mA 

l|H 

High-level input current 

Vqq = MAX 

V| = VqqMAX 

40 

fxA 

Vql 

Low-level output voltage 

Vqq = MIN 

Iql = 16 mA 

Com 

0.45 

V 

Mil 

0.5 

Vqh 

High-level output voltage 

Vqq = MIN 

Com lQj_| = “3.2 mA 

2.4 

V 

Mil lQ|_j - -2 mA 

'OZL 

Off-state output current 

Vqq = MAX 

Vo = 0.4V 

-40 

mA 

'OZH 

Vo = 2.4V 

40 

'os 

Output short-circuit current* 

< 

O 

O 

II 

ox 

< 

> 

o 

n 

d 

> 

-20 -90 

mA 

Ice 

Supply current 

Vqq “ MAX, All Inputs grounded. All outputs open. 

135 185 

mA 


Switching Characteristics over operating conditions (See standard test load) 


OPERATING 

CONDITIONS 

DEVICE TYPE 

tAA ("®) 

ADDRESS ACCESS TIME 

tEAANDtER(ns) 
ENABLE ACCESS TIME 
RECOVERYTIME 

UNIT 

TYPt 

MAX 

TYPt 

max 

■ '■ V ; 

COMMERCIAL i 

63S1681A 

27 

35 

18 


ns 

63S1681 

27 

50 

18 

30 

MILITARY 

53S1681A 

27 

50 

18 

30 

53S1681 

27 

60 

18 



* Not more than one Output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at 5.0 VVee and 25® CTa; 
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Performance 
4096x8 PROM 
TiW PROM Family 


53/63S3281 

53/63S3281A 


Features/ Benefite 

• 35-ns maximum access time 

• 32768-bit memory 

• Reiiabie titanium-tungsten fuses (TiW) 

• PNP inputs for low input current 

Applications 

• Microprogram control stores 

• Microprocessor program store 

• Look-up table 

• Character generator 

• Code converter 

• Programmable Logic Element (PLE^ with 12 inputs, 
8 outputs and 4096 product terms 

Selection Guide 


Description 

The 53/63S3281 is a high-speed 4Kx8 PROM which uses 
industry standard pin out. 

The family features low-current PNP inputs, full Schottky 
clamping and three-state outputs. The Titanium-Tungsten 
fuses store a logical low and are programmed to the high state. 
Special on-chip circuitry and extra fuses provide preprogram- 
ming testing which assure high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series Is specified for 
the military ranges. 

Programming 

The 53/63S3281 PROM is programmed with the same pro- 
gramming algorithm as all other Monolithic Memories’ generic^ 
TiW PROMs. For details contact the factory. 


MEMORY 

PACKAGE 

PERFORMANCE 

' 

PART NUMBER 

SIZE 

ORGANIZATION 



OUTPUT 

PINS 

. — j 

TYPE 

O'Cto+TS’C 

-55°C to +125°C 

32 K 

4096x8 

TS 

24 

(28)* 

N,J,W, 

(NL),(L) 

Enhanced 

63S3281A 

53S3281A 

Standard 

63S3281 

53S3281 


Pin Configurations 


Block Diagram 



AS A6 A7 NC VCC A8 A9 



X 

4 3 2 1 28 27 26 


A4£ 

5 

O 

25 

A3C 

6 


24 

A2C 

7 


23 

AlC 

8 

4096x8 

22 

AO C 

m 


H 

NC C 



B 

01 c 



1 



12 13 14 15 16 17 18 

■ 


A11 

A10 

A9 

A8 

A7 

A6 


P A11 


u u u u u u u 

02 03GNDNC 04 05 06 


Plastic Chip Carrier 


1 OF 128 
ROW 

DECODER 


128x256 

PROGRAMMABLE 

ARRAY 




1 OF 16 
COLUMN 
DECODER 




1 1 1 

2 OF 32 
MULTIPLEXER 

1 1 1 







□ 

r 

1 1 ! 

Z MULTIPLEXER 
1 

□ 

□ 





1 10 [11 |13 1 14 |15 |16 117 
02 03 04 05 06 07 08 


PLE™ is a trademark of Monolithic Memories. 

TWX: 910-338-2376 

2175 Mission Coiiege Blvd. Santa Ciara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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53/63S3281 53/63S3281A 


Absolute Maximum Ratings operating programming 

Supply voltage Vqq > -0.5 V to 7 V . . . . . ......... . . . . . . .1 2 V 

Input voltage -1.5 V to 7 V 7 V 

Input current -30 mA to +5 mA 

Off-state output voltage -0.5 V to 5.5 V ......... ... 1 2 V 

Storage temperature ....................................................... . . -65°C to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

COMMERCIAL 
MIN NOM MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 

°c 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt MAX 

UNIT 

V|L 

Low-level input voltage 


: 0.8 

V 

V|H 

High-level input voltage 


2 ... 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

I| = -18 mA 

-1.5 

V 

l|L 

Low-level input current 

V00 = MAX 

V| = 0.4 V 

-0,25 

mA 

l|H 

High-level Input current 

V00 = MAX 

V, = V00MAX 

40 

mA 

VoL 

Low-level output voltage 

V00 = MIN 

lOL - 16 mA 

Com 

0.45 

V 

Mil 

0.5 

X 

o 

> 

High-level output voltage 

V00 = MIN 

Com Iqi-i = -3.2 mA 

2.4 

V 

Mil Iqh = -2 mA 

'OZL 

Off-state output current 

Vcc = MAX 

Vq = 0.4 V 

-40 

/xA 

'OZH 

Vo = 2.4 V 

40 

'os 

Output short-circuit current* 

Vcc=5V 

> 

o 

II 

O 

> 

-20 -90 

mA 

'cc 

Supply current 

Vcc “ inputs grounded. All outputs open. 

150 190 

mA 


Switching Characteristics Over Operating Conditions (See standard test load) 


OPERATING 

CONDITIONS 

DEVICE TYPE 

tAA (^®) 

ADDRESS ACCESS TIME 

lEAANDtER(ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 

UNIT 

TYPt 

MAX 

TYPt 

MAX 

COMMERCIAL 

63S3281A 

26 

35 

18 

30 

ns 

63S3281 

26 

45 

18 

30 

MILITARY 

53S3281B 

26 

40 

18 

35 

53S3281A 

26 

50 

18 

35 

53S3281 

26 

60 

18 i 

35 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
I Typicals at 5.0 V V0G and 25° C T^. 
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High Performance PROMs 


53/63S080 53/63S081 63S081A 
Typical Icc vs Temperature Typical Taa vs Temperature 




-75 -50 -25 0 25 50 75 100 125 

Ta-AMBIENT TEMPERATURE-“C 


-75 -50 -25 0 25 50 75 

Ta -ambient TEMPERATURE-°C 


53/63S140 53/63S141/A 

Typical Icc vs Temperature Typical Ta a vs Temperature 




Ta - AMBIENT TEMPERATURE - °C 


Ta - AMBIENT TEMPERATURE - °C 


53/63S240 53/63S241/A 

Typical Icc vs Temperature Typical Taa vs Temperature 




MonolUhiG 


MemoriBS 
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High Performance PROMs 


53/63S280 53/63S281/Ar 

Typical Ice vs Temperature Typical Taa vs Temperature 



53/63S285 53/63S285A 

Typical Icc vs Temperature Typical Taa vs Temperature 



-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

Ta -ambient temperature - c° Ta -ambient temperature - C° 










High Performance PROMs 


53/63S440 53/63S441 A 


Typical Iqc vc Temperature 


Typical Taa vc Temperature 


1 

1 

1 

t- 








1 

1 

1 








1 

1 

r 

— 4 - 


— 


vec 

= 5.5V 



1 

1 

-4- 

i 

1 

L 



[vcc = 

= 5.25V- 




1 

1 

1 









Ta - AMBIENT TEMPERATURE - °C 


ta - ambient temperature - “C 


53/63S480 53/63S431A 

Typical Ice vs Temperature Typical TaA vs Temperature 




T A - ambient temperature - ° C 


Ta -AMBIENT TEMPERATURE- °C 


Monolithic 


Memories 


3-33 












High Performance PROMs 


53/63S485 53/63S485A 

Typical Ice vs Temperature Typical Taa vs Temperature 



-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

Ta -AMBIENT TEMPERATURE -C° Ta -AMBIENT TEMPERATURE - C° 


53/63S841 53/63S841A 

Typical Ice vs Temperature Typical Taa vs Temperature 
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53/63S881 53/63S881A 


Typical Icc Temperature 


Typical T^a vs Temperature 


1 

1 

1 

1 








1 

1 








1 

1 

L 

1 








1 

I 





= 5.5V 



1 








1 

1 

1 



o 

II 

5.25^ 


■ 


1 

1 

L 









1 

1 

1 








1 

1 

1 

4_ 








1 

1 

1 





^CC 

;10^ 


1 

1 

1 




Vcc ±5% 



1 

1 

1 










1 

-55 1 

1 

1 









Ta-ambient temperature - C° 


Ta -AMBIENT TEMPERATURE - C 


53/63S1641 53/63S1641A 

Typical Icc vs Temperature Typical Taa vsTemperature 


1 

1 

1 







_Vc 

>/- = 5.5 V_^ 



1 
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f 

1. 


1 1 



tv 
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1 
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o 

5.25 V 
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1 

1 
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■ 
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ambient temperature - °c 



Ta - AMBIENT TEMPERATURE - ° 
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53/63S1681 53/63S1681A 

Typical Ice vs Teniperature Typical Taa vs Temperature 



-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

Ta-ambient temperature- °c ta-ambient temperature- °c 


53/63S3281 53/63S3281A 

Typical Ice vs Temperature Typical Taa vs Temperature 









High Performance PROMs 


Switching Test Load Definition of Timing Diagram 


R1 

3000 


i 


R2 

600 0 




DONTCARE; 
CHANGE PERMITTED 


NOT 

APPLICABLE 


MUST BE STEADY 


OUTPUTS 


CHANGING; 
STATE UNKNOWN 


CENTER LINE IS 
HIGH IMPEDANCE STATE 


WILL BE STEADY 


Definition of Waveforms 



Notes: 1. Input pulse amplitude O V to 3.0 V. 

2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 

3. Input access measured at the 1.5 V level. 

4. t^A is tested with switch S-i closed. Cl = 30 pF and measured at 1.5 V output level. 

5. For open collector devices, tg^ snd tgR are measured at the 1 .5 V output level with S-j closed and Cl = 30 pF. S-] is open for high impedence to “1 ” test, and 
closed for high impedance to “0" test. 

tgR is tested with Cl = 5 pF. S-| is open for “1" to high impedance test, measured at Vqh -0-5 V output level: S-j is closed for “0” to 
high impedance test measured at Vql + 0 5 V output level. 
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High Performance 53/63RA481 

512x8 53/63RA481A 

Registered PROM 


Features/Benefits 

• Versatile synchronous and asynchronous enables 

• Asynchronous preset and clear 

• Edge-triggered “D” registers 

• 8-bit-wide in 24-pin SKINNYDIP® for high board density 

• On-chip register simplifies system timing 

• Faster cycle times 

• 16 mA Iq|_ output drive capability 

• Reliable titanium-tungsten fuses (Ti W), with programming 
yields typically greater than 98% 

Applications 

• Microprogram control Store 

• State sequencers/state machines 

• Next address generation 

• Mapping PROM 

• Programmable Logic Element (PLE^**) 

9 Inputs, 8 Registered Outputs, 51 2 product terms 


Description 

The53/63RA481 and 53/63RA481Aare512x8 Registered PROMs 
with on-chip “D” type registers, versatile output enable control 
through synchronous and asynchronous three-state enable 
inputs, and asynchronous preset and clear. 

Data is transferred into the output registers on the rising edge of 
the clock. The data will appear at the outputs provided that both 
the asynchronous (E) and synchronous (ES) enables are Low. 
Prior to the positive clock edge, register data are not affected by 
changes in addressing or synchronous enable inputs. 

Memory expansion and data controlis made more flexible with 
synchronous and asynchronous enable inputs. Outpi^ts may be 
set tc^e high-impedance state at any time by setting E to a High 
or if ES is High when the rising clock edge occurs. When Vqq 
power is first applied, the synchronousenable flip-flop will be in 
the set condition causing the outputs to be in the high- 
impedance state. 

The output registers will be set to all Highs when preset is 
Low independent of the state of clock. The output registers will 
be reset to all Lows when clear is Low independent of the state 
of clock. Note that preset and clear are exclusive operations and 
cannot occur simultaneously. 


Selection Guide 


MEMORY 

PACKAGE 

PERFORMANCE 

PART NUMBER 

SIZE 

ORGANIZATION 

PINS 

TYPE 

0°Cto+75°C 

-55°Cto+125°C 

4K 

512x8 

24 

(28) 

NS,JS, 

w, 

(NL),(L) 

Enhanced 

63RA481A 

53RA481A 

Standard 

63RA481 

53RA481 


SKINNYDIP® is a registered trademark of Monolithic Memories 

PLE"“ is a trademark of Monolithic Memories. TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Block Diagram 
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53/63RA481 53/63RA481A 


Absoiute Maximum Ratings 


Operating 

Programming 

Supply voltage Vqq 


-0.5Vto7V ..... 

....12 V 

Input voltage ... ... . 

Input current 


-1.5Vto7V 

. . -30 mA to +5 mA 

.7V 

Off-state output voltage 

Storage temperature 


.....-0.5Vto5.5V ..... 
...-65°Cto+150°C 

12 V 


Operating Conditions 




r~'.' "" 

COMMERCIAL 

MILITARY 


SYMBOL 

PARAMETER 

TYPt 

63RA481A 

63RA481 

53RA481A 

53RA481 

UNIT 




MIN 

MAX 

MiN MAX 

MiN 

MAX 

MIN 

MAX 


< 

o 

o 

Supply voltage 

5.0 

4.75 5.25 

4.75 5.25 

4.5 

5.5 

4.5 

5.5 

V 

Ta 

Operating free-air temperature 

25 

0 

75 

0 75 

-55 

125 

-55 

125 

°c 

‘w 

Width of clock (High or Low) 

IQ 

20 

20 

20 

20 

ns 

^prw 

Width of preset or clear 

10 

20 

20 

20 

20 

ns 

^clrw 

(Low) to Output (High or Low) 

^prr 

Recovery from preset or clear 

11 

20 

20 

25 

25 

ns 

^clrr 

(Low) to clock High 

ts(A) 

Setup time from address to clock 

22 

30 

35 

35 

45 

ns 

ts(ES) 

Setup time from ES to clock 

7 ■' 

10 

10 

15 

15 

ns 

th(A) 

Hold time from address to clock 

-5 

0 

0 

0 

0 

ns 

th(ES) 

Hold time from ES to clock 

-3 

5 

5 

5 

5 

ns 


Eiectrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MiN 

Q. 

MAX 

UNIT 

V|L 

Low-level input voltage 


" P" ■ , 0.8 

V 

V|H 

High-level Input voltage 


2.0 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

I| =-18mA 

-1.2 

V 

l|L 

Low-level input cu rrent 

Vqq = MAX 

V| =0.4V 

-0.25 

mA 

l|H 

High-level input current 

Vcc=MAX 

_< 

II 

o 

O 

40 

mA 

Vql 

Low-level output voltage 

Vqq = MIN 

IqI_ - 16 mA 

0.5 

V 

VqH 

High-level output voltage 

Vqq = MIN 

Com Iqh = -3.2 mA 

2.4 

V 

MillQH--2mA 


'OZL 

Off-state output current 

Vqq = MAX 

Vo = 0.4V 

-40 

mA 

'OZH 

Vo = 2.4V 

40 

'os 

Output short-circuit current* 

> 

to 

II 

O 

O 

> 

< 

O 

II 

o 

< 

-20 


-90 

mA 

'cc 

Supply current 

Vqq = MAX. 

All inputs TTL. All outputs open. 


130 

180 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at 5.0 Wqq and 25° CTys^. 
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53/63RA481 53/63RA481A 


Switching Characteristics Over Operating Conditions and using Standard Test Load 


SYMBOL 

PARAMETER 

TYPt 

COMMERCIAL 

MILITARY 

UNIT 

63RA481A 

63RA481 

53RA481A 

53RA481 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

tCLK 

Clock to output Delay 

11 

15 

20 

20 

25 

ns 

‘ESA 

Clock to output access time (ES) 

14 

25 

30 

30 

35 

ns 

‘esr 

Clock to output recovery time (ES) 

14 

— 

25 

30 

30 

35 

ns 


Enable to output access time (E) 

10 

20 

30 

25 

35 

ns 

^ER 

Disable to output recovery time (E) 

10 

20 

30 

25 

35 

ns 

•PR 

Preset to output delay (PR) 

15 

25 

25 

25 

30 

! ns 

‘CLR 

Clear to output delay (CLR) 

18 

25 

1 

30 

35 

40 

ns 


t typicals at 5.0 V Vcc and 25° C 7^. 


Function Table 


E 

E$ 

CLK 

PR 

CLR 

A8-A0 

07-00 

Operation 

H 

X 

X 

X 

X 

X 

z 

High-Impedance 

X 

H 

: t 

X 

X 

X 

z 

High-Impedance 

L 

L 

X 

L 

H 

X 

H 

Preset 

L 

L 

X 

H 

L 

X 

L 

Clear 

L 

i- 

X 

L 

L 

X 

Illegal Operation 

■■■■ VL . ■■ 

'L'^ ',■■■ 

f 

H 

H 

A 

Data 1 Memory Access 


Definition of Waveforms 


ls(A) I lh(A) 





Notes: 1. Input pulse amplitute 0 V to 3.0 V. 

2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 

3. Inputaccess measured at the 1.5 V level. 

4. Switch is closed. C(_ = 30 pF and outputs measured at 1 .5 V output level for all tests except tgsA ^esr- 

5. tgA and tgsA are measured at the 1 .5 V output level with Cl = 30 pF. Si is open for high impedance to “1" test, and closed for high 
impedance to “0” test. 

t^R and t^sR are tested with Cl = 5 pF. Si is open for “1” to high impedance test, measured at Vqih ^0-5 V output level; S-j is closed for “0” to 
high impedance test measured at Vql + 0.5 V output level. 
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High Performance 53/63RS881 

1024x8 53/63RS881A 

Registered PROM 


Features/ Benefits 

• Edge triggered “D” registers 

• Synchronous and asynchronous enables 

• Versatile 1:16 initialization words 

• 8-Blt-wide in 24-pin SKINNYDIP® package for high 
board density 

• Simplifies system timing 

• Faster cycle times 

• 16 mA Iqi^ output drive capability 

• Reliable titanium-tungsten fuses (TiW), with 
programming yields typically greater than 98% 


Applications 

• Microprogram control Store 

• State sequencers 

• Next address generation 

• Mapping PROM 

• Programmable Logic Element (PLE^**) 

1 0 Inputs, 8 Registered Outputs, 1 024 product terms 


Description 

The 53/63RS881 and 53/63RS881A are 1Kx8 PROMs with on- 
chip "D” type registers, versatile output enable control through 
synchronous and asynchronous enable inputs, and flexible start 
up sequencing through programmable initialization. 

Data is transferred into the output registers^ the rising edge of 
the c lock. Provided that the asynchronous (E) and synchronous 
(ES) enablesare low, the data will appear at the outputs. Prior to 
the positive clock edge, register data are not affected by 
changes in addressing or synchronous enable inputs. 

Memory expansion and data control is made flexible with syn- 
chronous and asynchronous enable inputs. Outputs may be set 
to the high impedance state at any time by setting E to a high or if 
ES is high when the rising clock edge occurs. When Vqq power 
is first applied the synchronous enable flip-flop will be in the set 
condition causing the outputs to be in the high Impedance state. 

The flexible initialization feature allows start up and time out 
sequencing with 1 :1 6 programmable words to be loaded into the 
output registers. With the synchronous INITIALIZE (IS) pin low, 
one of the 16 column words (A3-A0) will be set in the output 
registers Independent of the row addresses (A9-A4). The 
unprogrammed state of JS words are low, presenting a CLEAR 
with IS pin low. With all l^column words (A3-A0) programmed 
to the same pattern, the IS function will be independent of both 
row and columrijiddressing and may be used as a single pin 
control. With all IS words programmed high a PRESET function 
is performed. 


Selection Guide 


MEMORY 

PACKAGE 

PERFORMANCE 

PART NUMBER 

SIZE 

ORGANIZATION 

PINS 

TYPE 

0°Cto+75°C 

-55°Cto+125°C 

, 

8K 

1024x8 

24 

(28) 

NS,JS, 

J,w, 

(NL),(L) 

Enhanced 

63RS881A 

53RS881A 

Standard 

63RS881 

53RS881 


SKINNYDIP® is a registered trademark of Monolithic Memories. 

PLP" is a trademark of Monolithic Memories. TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1 592 tel: (408) 970-9700 TWX: 910-338-2374 
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Block Diagram 



QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 









53/63RS88I 53/63RS881A 


Operating Programming 

...-0.5Vto7V 12 V 

...-1.5Vto7V 7V 

30mAto+5mA 

. -0.5Vto5.5V 12V 

-65°C to +150^*0 


Operating Conditions 





MILITARY 

COMMERCIAL 


SYMBOL 

PARAMETER 

TYPt 

53RS881A 

53RS881 

63RS881A 

63RS881 

UNIT 




MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN MAX 


tw 

Width of clock (high or low) 

Id 

20 

20 

20 

20 

ns 

ts(A) 

Setup time from address to clock 

25 

40 

45 

30 

35 

ns 

ts(ES) 

Setup time from ES to clock 

8 

15 

15 

15 

15 

ns 

ts(iS) 

Setup time from IS to clock 

20 

30 

35 

25 

30 

ns 

th{A) 

Hold time address to clock 

-5 

0 

0 

0 

0 

ns 

th(ES) 

Hold time (ES) 

-3 

5 

5 

5 

5 

ns 

th(TS) 

Hold time (TS) 

-5 

0 

0 

0 

0 

ns 

Vcc 

Supply voltage 

5 1 

4.5 

5.5 

4.5 

5.5 

4.75 5.25 

4.75 5.25 

V 

Ta 

Operating free-air temperature 

25 

-55 

125 

-55 

125 


75 

0 75 



Eiectric ai Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

Hlgh-leyel input voltage 


2.0 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

I| =-18mA 

-1.2 

V 

l|L 

Low-level input current 

Vqq = MAX 

V| =0.4V 

-0.25 

mA 

l|H 

High-level input current 

Vqq = MAX 

V| = Vqq MAX 

40 

mA 

_l 

o 

> 

Low-level output voltage 

Vqq = MIN 

IqL =16 mA 

0.5 

V 

VqH 

High-level output voltage 

Vqq = MIN 

Com Iqh = -3.2 mA 

Mil Iqh = “3 mA 

2.4 

V 

'OZL 

'OZH 

Off-state output current 

Vqq = MAX 

Vo = 0.4V 

-40 

mA 

Vo = 2.4V 

40 

'os 

Output short-circuit current* 

> 

10 

11 

O 

O 

> 

> 

o 

II 

O 

> 

-20 -90 

mA 

'cc 

Supply current 

Vqq = MAX. All inputs TTL. All outputs open. 

130 180 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at S.OVVqq and 25° CT^. 


Absoiute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Input current 

Off-state output voltage 

Storage temperature 
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53/63RS881 53/63RS881A 


Switching Characteristics over operating conditions and using standard Test Load 



^CLK 

Clock to output Delay 

10 

20 

25 

15 

20 

ns 

•esa 

Clock to output access time (ES) 

18 

30 

35 

25 

30 

ns 

%SR 

Clock to output recovery time (ES) 

17 

30 

35 

25 

30 

ns 

^EA 

Enable to output access time (E) 

18 : 

30 

35 

25 

30 

ns 


Disable to output recovery time (E) 

17 

30 

35 

25 

30 

ns 


Definition of Waveforms 



NOTES: 1. Input pulse amplitude OV to 3.0 V. 

2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 

3. Input access measured at the 1.5 V level. 

4. t^^ is tested with switch S.| closed. C|_ = 30 pF and measured at 1.5 V output level. 

5. tg^ and t^g^ are measured at the 1.5 V output level with = 30 pF. is open for high impedance to “1” test and closed for high 
impedance to “0” test. 

%R ^EA measured. Gl = 5 pF. S-j is open for “1" to high impedance test, measured at Vq|^ -0.5 V output level; S.| is closed for “0" to 
high impedance test measured at VoL + 0.5 V output level. 
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2048x8 

Registered PROM 

with Asynchronous Enable 


53/63RA1 681 
53/63RA1681A 


Description 


Features/Benefits 

• Synchronous output enable 

• Edge-triggered “D” registers 

• Versatile 1:16 user programmable initialization words 

• 8-bit-wide in 24-pin SKINNYDIP® for high board density 

• Simplifies system timing 

• Faster cycle times 

• 16 mA Iq|_ output drive capability 

• Reliable titanium-tungsten fuses (TiW), with 
programming yields typically greater than 98% 

Applications 

• Microprogram control Store 

• State sequencers 

• Next address generation 

• Mapping PROM 

• Programmable Logic Element (PLE^**) 

1 1 1nputs, 8 Registered Outputs, 2048 product terms 


The 53/63RA1681 and 53/63RA1681A are 2Kx8 PROMs with 
on-chip “D”-type registers. Output enable control through an 
asynchronous enable input and flexible start up sequencing 
through programmable initialization words. 

Data is transferred into the output reg isters on the risi ng edge of 
the clock. Provided that the asynchronous enable (E) is low, the 
data will appear at the outputs. Prior to the positive clock edge, 
register data are not affected by changes in addressing. 

Memory expansion and data control is made flexible with 
asynchronous enable inputs. Outputs jriay be set to the high 
impedance state at any time by setting E to a HIGH. 

The flexible initialization feature allows start up and time out 
sequencing with 1 :1 6 programmable words to be loaded into the 
output registers. With the synchronous INITIALIZE (IS) pin 
LOW, one of the 16 column words (A3-A0) will be set in the 
output roisters independent of the row addresses (A9-A4). 
With all IS column words (A3-A0) programmed to the same 
pattern, the IS function will be independent of both row and 
column ^dressing and may be used as a single pin control. 
With all IS words programmed HIGH a ^ESET function is 
performed. The unprogr^med state of IS words are LOW, 
presenting a CLEAR with IS pin LOW. 


Selection Guide 


MEMORY 

PACKAGE 

PERFORMANCE 

PART NUMBER 

SIZE 

organization 

PINS 

TYPE 

0°Cto+75°C 

-55°Cto+125®C 

16 K 

2048x8 

24 

m 

NS,JS, 

w. 

(NL),(L) 

Enhanced 

63RA1681A 

53RA1681A 

Standard 

63RA1681 1 

53RA1681 


SKINNYDIP® is a registered trademark of Monolithic Memories. 

PLF" is a trademark of Monolithic Memories. TWX: 910-338-2376 

21 75 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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53/63RA1681 53/63RA1681A 


Block Diagram 



QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 
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53/63RA1 681 53/63RA1 681 A 


Operating Programming 

...-0.5Vto7V 12V 

...-1.5Vto7V 7V 

30 mA to +5 mA 

. -0.5 V to 5.5 V 12 V 

■65°Cto+150°C 


Operating Conditions 





MILITARY 

COMMERCIAL 


SYMBOL 

PARAMETER 

typt 

53RA1681A 

53RA1681 

63RA1681A 

63RA1681 

UNIT 




MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN MAX 


tw 

Width of clock (high or low) 

10 

20 

20 

20 

20 

ns 

‘s(A) 

Setup time from address to clock 

28 

40 

45 

35 

40 

ns 

ts(is) 

Setup time from IS to clock 

20 

30 

35 

25 

30 

ns 

th{A) 

Hold time address to clock 

-5 

0 

0 

0 

0 

ns 

th(is) 

Hold time (IS) 

"'-5. ' 

0 

0 

0 

0 

ns 

Vcc 

Supply voltage , 

' ■..'5.: .'j 

4.5 

5.5 

4.5 

5.5 

4.75 5.25 

4.75 5.25 

V 

Ta 

Operating free-air temperature 

25 

-55 

125 

-55 

125 


75 

0 75 

°c 


Absoiute Maximum Ratings 

Supply voltage Vqq 

Input voltage....... 

Input current 

Off-state output voltage 

Storage temperature 


Eiectrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYPt 

MAX 

UNIT 

V,L 

Low-level input voltage 


0.8 

V 

V|H 

High-level Input voltage 


2.0 

V 

V|C 

Input clamp voltage 

V0q=MIN 

I| =-18mA 

-1.2 

V 

l|L 

Low-level Input current 

Vqq = MAX 

V| = 0.4 V 

-0.25 

mA 

l|H 

High-level input current 

Vqq= max 

V| = Vqq MAX 

40 

mA 

o 

> 

Low-level output voltage 

Vqq = MIN 

lQI_=16mA 

0.5 

V 

^OH 

High-level output voltage 

Vqq= min 

Com 1 OH = -3.2 m A 

2.4 

\j 

Mil Iqh ~ 


'OZL 

Off-state output current 

Vqq = MAX 

Vo = 0.4 V 

-40 

mA 

'OZH 

Vo = 2.4V 

40 

'os 

Output short-circuit current* 

Vqq=5V 

< 

O 

n 

o 

< 

-20 


-90 

mA 

'cc 

Supply current 

Vqq - MAX. All inputs TTL. All outputs open. 


140 

185 

mA 


Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


t Typicalsat S.O V VQQand25°CT^. 
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53/63RA1681 53/63RA1681A 


Switching Characteristics over operating conditions and using standard Test Load 



I 


*CLK 

Clock to output Delay 

10 

^EA 

Enable to output access time (E) 

15 


Disable to output recovery time ( 1 ) 

15 



MILITARY 

COMMERCIAL 

TYPt 

53RA1681A 

53RA1681 

63RA1681A 

63RA1681 


MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 



t Typicals at 5.0 V Vqq and 25“ C Ta- 


Definition of Waveforms 

|♦^h(A)♦| U-ts(A)-^lh(A)»j 



Notes: 1. Input pulse amplituteOV to 3.0 V. 

2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 

3. input access measured at the 1.5 V level. 

4. Switch S-j is closed. Cl = 30 pF and outputs measured at 1.5 V output level for all tests except tE$A and tgsR- 

5. tgA and tESA a*'© measured at the 1 .5 V output level with Cl = 30 pF. S-] is open for high impedance to “1” test, and closed for high 
impedance to “O” test. 

tgR and tgsR are tested with Cl = 5 pF. S| is open for “1” to high Impedance test, measured at Vqh V output level; Si is closed for “0” to 
high impedance test measured at Vql + 0.5 V output level. 
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2048x8 

Registered PROM 

with Synchronous Enable 


Features/Benefits 

• Synchronous output enable 

• Edge-triggered '‘D” registers 

• Versatile 1:16 user programmable initialization words 

• 8-bit-wide in 24-pln SKINNYDIP® for high board density 

• Simplifies system timing 

• Faster cycle times 

• 16 mA Iq^ output drive capability 

• Reliable titanium-tungsten fuses (TiW),with 
programming yields typically greater than 98% 


Applications 

• Microprogram control Store 

• State sequencers 

• Next address generation 

• Mapping PROM 

• Programmable Logic Element (PLE"“) 

1 1 1nputs, 8 Registered Outputs, 2048 product terms 


53/63RS1681 

53/63RS1681A 


Description 

The 53/63RS1681 and 53/63RS1681A are 2KxS PROMs with 
on-chip “D” type registers, versatile output enable contrpi 
through synchronous enable Inputs and flexible start up sequen- 
cing through programmable Initialization words. 

Data is transferred into the output registers onjhe rising edge of 
the clock. Provided that the synchronous (ES) enable is LOW, 
the data will appear at the outputs. Prior to the positive clock 
edge, register data are not affected By dhanges in addressing or 
synchronous enable inputs. 

Memory expansion and data control is made flexible with syn- 
chronous enable inputs. Outputs may be set to the high impe- 
dance state by setting ES HIGH before the rising clock edge 
occurs. When Vqq power is first applied the synchronous ena- 
ble flip-flop will be in the set condition causing the outputs to be 
in the high impedance state. 

The flexible initialization feature allows start up and time out 
sequencing with 1 :1 6 programmable words to be loaded into the 
output registers. With the synchronous INITIALIZE (IS) pin 
LOW, one of the 16 column words (A3-A0) will be set in the 
output roisters independent of the row addresses (A10-A4). 
With all IS column words (A3-A0) programmed to the same 
pattern, the IS function will be independent of both row and 
column addressing and may be used as a single pin control. 
With all IS words programmed HIGH a ^ESET function is 
performed. The unprogr^med state of IS words are LOW, 
presenting a CLEAR with IS pin LOW. 


Selection Guide 


MEMORY 

PACKAGE 

PERFORMANCE 

PART NUMBER 

SIZE 

ORGANIZATION 

PINS 

TYPE 

0°Cto+75°C 

-55°C to +125°C 

16K 

2048x8 

24 

(28) 

NS.JS, 

w, 

(NL),(L) 

Enhanced 

63RS1681A 

53RS1681A 

Standard 

63RS1681 

53RS1681 


SKINNYDIP® is a registered trademark of Monolithic Memories. 

PLP" is a trademark of Monolithic Memories. TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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53/63RS1 681 53/63RS1 681 A 


Absolute Maximum Ratings 

Operating Programming 

Supply voltage Vqq -0.5 V to 7 V 12 V 

Input voltage -1.5 V to 7 V .7 V 

Input current -30mAto+5mA 

Off-state output voltage -0.5 V to 5.5 V 12V 

Storage temperature -65°Cto +150°C 


Operating Conditions 





MILITARY 

COMMERCIAL 


SYMBOL 

PARAMETER 

TYPt 

53RS1681A 

53R81681 

83RS1881A 

83RS1881 

UNIT 




MIN 

MAX 

MIN 

MAX 

MIN MAX 

MIN MAX 


tw 

Width of clock (high or low) 

10 

20 

20 

20 

20 

ns 

ts(A) 

Setup time from address to clock 

28 

40 

45 

35 

40 

ns 

ts(ES) 

Setup time from ES to clock 


15 

15 

15 

15 

ns 

ts{iS) 

Setup time from IS to clock 

20 

30 

35 

25 

30 

ns 

th(A) 

Hold time address to clock 

-5 

0 

0 

0 

0 

ns 

th(lS) 

Hold time (IS) j 

-3 

5 

5 

5 

5 

ns 

th(TS) 

Hold time (IS) 

-5 

0 

0 

0 

0 

ns 

VcG 

Supply voltage 

5 

4.5 

5.5 

4.5 

5.5 

4.75 5.25 

4.75 5.25 

V 

Ta 

Operating free-air temperature 1 

25 

-55 

125 

-55 

125 

0 75 

0 75 

°c 


Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYPt max 

UNIT 

VlL 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2.0 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

I| =-18mA 

-1.2 

V 

l|L 

Low-level input current 

Vgc=MAX 

Vj =0.4V 

-0.25 

mA 

l|H 

High-level input current 

Vqq = MAX 

Vj = Vqq MAX 

40 

mA 

VqL 

Low-level output voltage 

Vqq = MIN 

Iql-^'T^A 

0.5 

V 

X 

o 

> 

High-level output voltage 

Vqq = MIN 

Com Iq|_| = -3.2 mA 

2.4 

V 

Mil Iqh = “2 mA 


'OZL 

Off-state output current 

V/^q=MAX 

Vo = 0.4 V ; 

-40 

.uA 

'OZH 

Vo = 2.4 V 

40 

■os 

Output short-circuit curreht* 

Vcc=5V 

Vo = 0V i 

-20 

-90 

mA 

Ice 

Supply current 

Vqq = MAX. All inputs TTL. All outputs open. 

140 185 

mA 


Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


f Typicals at 5.0 V Vqq and 25° C T^. 
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53/63RS1681 53/63R51681A 


Switching Characteristics Over Operating Conditions and using Standard Test Load 



■f Typicals at 5.0 V Vqc and 25°C T^. 


Definition of Waveforms 



Notes: 1. Input pulse amplitute O V to 3.0 V. 

2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 

3. Input access measured at the 1 .5 V level. 

4. Switch S-j is closed. Cl = 30 pF and outputs measured at 1.5 V output level for all tests except tgSA and tgsR- 

5. tgA and t^sA are measured at the 1.5 V output level with Cl = 30 pF. S-| is open for high impedance to “1” test, and closed for high 
impedance to "0” test. 

tgR and t^sR are tested with Cl - 5 pF. Si is open for “1” to high impedance test, measured at Vqh ^0-5 V output level; S-| is closed for "0” to 
high impedance test measured at Vql ■'■0-5 V output level. 
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Diagnostic Registered PROMs 







Registered PROMs 


switching Test Load 


Definition of Timing Diagrams 



OUTPUTS 


WAVEFORM 


INPUTS 


DON’T dARE; 
CHANGE PERMITTED 


CHANGING; 
STATE UNKNOWN 


NOT 

APPLICABLE 


CENTER LINE IS 
HIGH IMPEDANCE STATE 


OUTPUT 


MUST BE STEADY 



EQUIVALENT INPUT 


EQUIVALENT OUTPUT 


OUTPUT 


ENABLE 



M 
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1 024x4 Diagnostic 53/63DA441 

Registered PROM 53/63DA442 

Enables and Output Initialization 


Features/ Benefits 

• Programmable asynchronous output initialization 

• Three-state outputs with two enables 

• Provides system diagnostic testing with system 
controllability and observability 

• Shadow register eliminates shifting hazards 

• Edge-triggered “D” registers simplifies system timing 

• Cascadable for wide control words used in 
microprogramming 

• 24-pin SKINNYDIP® package saves space 

• 24 -m A output drive capability 

• Replaces embedded diagnostic code 

• Guaranteed programming yields of greater than 98% 

Appiications 

• Microprogram control Store with built-in 
system diagnostic testing 

• Serial character generator 

• Serial code converter 

• Parallel in/serial out memory 

• Cost-effective board testing 

Description 

The 53/63DA441 and 53/63DA442 are 1Kx4 PROMs with 
registered outputs, programmable asyrichronous initialization, 
three-state outputs with two enables and a shadow register for 
diagnostic capabilities. 


Seiection Guide 


Shadow register diagnostics allow observation and control of 
the system without introducing intermediate illegal states. The 
output register, which can receive parallel data from either the 
PROM array or the shadow register is loaded on the rising edge 
of CLK. The shadow register, which can receive parallel data 
from the output register or serial data from SDI, is loaded on the 
rising edge of DCLK. When the output drivers are disabled, the 
shadow register receives its parallel data from the output bus. 

During diagnostics, data loaded Into the output register from the 
PROM array can be parallel-loaded Into the shadow register and 
serially shifted out through SDO, allowing observation of the 
system. Similarly, diagnostic data can be serially shifted into the 
shadow register through SOI, and parallel-loaded Into the 
output register, allowing control and test scanning to be 
imposed on the system. Since the output register and the 
shadow register are loaded by different input signals, they can 
be operated independently of one another. In addition, diagnos- 
tic PROMs can be cascaded to construct wide control words 
used in microprogramming. 

When exercised, the initialization input loads the output register 
with a user-programmable Initialization word, independent of 
the state of CLK. This features is a superset of preset and clear 
functions, and cin be used to generate an arbitrary microin- 
struction for system reset or interrupt. 

The distinguishing feature between the 53/63DA441 and 53/ 
63DA442 is on the output enable structure. The53/63DA441 has 
two asynchronous output enables, E1 and E2. Outputs will be 
enabled when both E1 arid E2 areJ-OW. The 53/63DA442 has 
one asynchronous output enable E and one synchronous out- 
put enable ES. Outputs will be enabled if ES is LOW during the 
last rising edge of CLK and E is LOW. 


MEMORY 

PACKAGE 

PART NUMBER 

SIZE 

ORGANIZATION 

OPTIONS 

PINS 

TYPE 

MILITARY 

COMMERCIAL 



Two asynchronous enables 

24 

(28) 

NS,JS,W, 

(NL),(L) 

53DA441 

63DA441 

4K 

1024x4 

One synchronous enable, 
one asynchronous enable 

53DA442 

63DA442 


SKINNYDIP® is a registered trademark of Monolithic Memories 

TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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53/63DA44t 53/63DA442 


Block Diagrams 


53/63DA441 



-SDO 


53/63DA442 

A9-A0 



Q3-Q0 


Logic Symbols 

53/63DA441 



53/63DA441 


AS A6 A7NCVOCA8 A9 

.nnnnnnn. 

3 2 1 28 27 ^ 



A4 

C 

s 


0 


2S 

Dei 


A3 

C 

6 




24 

DE2 


A2 

C 

7 




23 

:t 

1 

A1 

C 

8 


1024x4 


22 

]oo 

|vcc 

AO 

C 

9 




21 

3NC 

|a8 

1 

NC 

C 

10 




20 

DQ1 

MODE 

C 

11 




19 

D02 

|a9 




12 

13 14 IS 16 17 

18 






■ 

TT 

T_| 0 U1-J U 

Tzr 



1^ 



DCLK GND CLK 

03 




SDI NC SDO 

Plastic Chip Carrier 
53/63DA442 
AS A6 A7 NCVCCA8 A9 

. nnnn nnn. 

/ 4 3 2 1 28 27 26 


A4C S 
A3 C 6 
A2C 7 
A1 C 8 
AOC 9 
NCC10 
MODEC 11 


:e 
:es 
IT 

]Q0 
]Np 
20 HQI 
19 ]Q2 


12 13 14 IS 16 17 18 
“■"UrLJ Lj lj Lj lJ Lj 
DCLK GNO CLK 03 
SDI NC SDO 

Plastic Chip Carrier 


53/63DA442 
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53/63DA441 53/63DA442 


Function Table 


INPUTS 

OUTPUTS 

OPERATION 

MODE 

SDI 

CLK 

DCLK 

Q3-Q0 

S3-S0 

_ 

SDO 

L 

X 

I 

★ 

On*- PROM 

HOLD 

■" ' ■ 

S3 

Load output register from PROM array 

L 

X 

* 

1 

HOLD 

Sn Sn-1 

SO ^ SDI 

S3 

Shift shadow register data 

L 

X 

t : 

r 

Qn ^ PROM 

Sn — Sn-1 

SO — SDI 

S3 

Load output register from PROM array 
wh i le sh ifti ng shadow reg ister data 

H 

X 

t 

* 

On/- Sn 

HOLD 

SDI 

Load output register from shadow register 

H 

L 

* I 

!'■ 'j 

HOLD 

Sn — Qn 

SDI 

Load shadow register from output bus 

H 

— — — „j 

H 

* 

t 

HOLD 

HOLD 

SDI 

No operation! 


* Clock must be steady or falling. 

f Reserved operation for SN54/74S818 8-Bit Diagnostic Register. 


Definition of Signals 

MODE The MODE pin controls the output register multi- 

plexer and the shadow register. When MODE is 
LOW, the output register receives data from the 
PROM array and the shadow register is config- 
ured as a shift register with SDI as its input. When 
MODE is HIGH, the output register receives data 
from the shadow register. The shadow register is 
controlled by SDI as well as MODE With MODE 
HIGH and SDI LOW, the shadow register re- 
ceives parallel data from the output bus. With 
MODE and SDI both HIGH, the shadow register 
holds its present data. 

SDI The Serial Data In pin is the input to the least- 

significant bit of the shadow register when oper- 
ating in the shift mode. SDI is also a control input 
to the shadow register when it is not in the shift 
mode, 

SDO The Serial Data Out pin is the output from the 

most significant bit of the shadow register when 
operating in the shift mode. When the shadow 
register is not in the shift mode, SDO displays the 
logic level present at SDI, decreasing serial shift 
time for cascaded diagnostic PROMs. 

CLK The clock pin loads the output register on the 

rising edge of CLK. 

DCLK The diagnostic clock pin loads or shifts the 

shadow register on the rising edge of DCLK. 


Q3"Q0 

S3-S0 

A9-A0 

Ei,E2,E 

ES 

T 


On represents the data outputs of the output 
register. During a shadow register load with out- 
puts enabled, these pins are the internal data 
inputs to the shadow register. With the outputs 
three-stated, these pins are external data inputs 
to the shadow register. 

Sn represents the internal shadow register out- 
puts. 

An represents the address inputs to the PROM 
array. 

These Output Enable pin(s) operate independ- 
ent of CLK. Forp441 , caputs are enabled if, and 
only if, both E1 and E2 are LOW. For ’D442, 
outputs are enabled only when ES is LOW at the 
last rising edge of CLK and E is LOW. 

Synchronous Output Enable for *DA442 only. 
Outputs are enabled only when ES is LOW at the 
last rising edge of CLK and E is LOW. 

The asynchronous output register initialization 
input pin operates independent of CLK. When I is 
LOW, the output register is loaded with a user- 
programmable initialization word. Programmable 
initialization is a super set of preset and clear 
functions, and can be used to generate any 
microinstruction system reset or interrupt. 
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5a/63DA441 53/63DA442 


Logic Diagram 

53/63DA442 
1024x4 Diagnostic PROM 
with Asynchronous Initialization 
and Both Asynchronous and Synchronous Enabies 



Vcc 


A8 


A9 


E 


ES 


QO 


Q1 


Q2 


Q3 


SDO 


CLK 
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53/63DA441 53/63DA442 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage •••••• • • 

Input current 

Off-state output voltage 

Storage temperature 


Operating 

.... -0.5 V to 7 V 
.... -1.5 Vto 7V 
-30 mA to +5 mA 
... -0.5 Vto 5.5 V 
..-65° to+150PC 


Programming 

.12 V 

.......... 7 y 

.........12 V 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.5 

5 

5.5 

4.75 

5 5.25 

V 

Ta 

Operating free-air temperature 

-55 

25 

125 

0 

25 75 

‘>0 

‘w 

Width of CLK (HIGH or LOW) 

25 

10 


20 

10 

ns 

^su 

Setup time from address to CLK 

45 

25 


35 

25 

ns 

»h 

Hold time for CLK 

0 

-15 


0 

-15 

ns 

Vd 

Width of DCLK (HIGH or LOW) 

35 

15 


25 

15 

ns 

^sud 

Setup time from control inputs (SDI, MODE) to CLK, DCLK 

50 

20 


40 

20 

ns 

^hd 

Hold time for DCLK 

0 

-5 


0 

■ -5; ' 

ns 

ts(ES) 

Setup time from ES to CLK (’DA442 only) 

20 

10 


:0m 

10 

ns 

th(^) 

Hold time (ES) (’DA442 only) 

5 

0 


5 

Ov,-'.;. 

ns 

w 

Initialization pulse width (LOW) 

25 

10 



10 

ns 

‘ir 

Initialization recovery time 

45 

30 


40 

30 

ns 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYPf 

MAX 

UNIT 

V|L 

Low-level input voltage 



0.8 

V 

V|H 

High-level input voltage 


2!o 

V 

V|C 

Input clamp voltage 

Vqq=MIN 

1| =-18mA 

-1.2 

V 

l|L 

Low-level input current 

Vqc-MAX 

V, =0.4V 

-0.25 

mA 

'IH 

- 

High-level input current 

Vqq=MAX 

Vj = Vqq MAX 

40 

M 

Vql 

Low-level output voltage 

Vcc “ 

Com Iql = 24 mA 

0.5 

V 

Mil loL = '•5TnA 


VOH 

High-level output voltage 

Vcc “ 

Com loH“ 3.2 mA 

2.4 

V 

Mil Iq|_^ = -2 mA 


'OZL 

Off-state output current | 

Vgq= MAX 

Vo = 0.4V i 

-100 i 

fiA 

'OZH 

Vo = 2.4 V j 

40 

•os 

Output short-circuit current’*' 

Vqg=MAX 

> 

o 

II 

O 

> 

-20 


-90 

mA 

•cc 

Supply current 

Vqq = MAX. All inputs TTL All outputs open. 


130 

180 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should hot exceed one second, 
■f Typicals at 5.0 VVq(^ and 25'’ C T^. 


MnnaiMflifo R HH Sismorfes 


3-61 












53/63DA441 53/63DA442 


Switching Characteristics over operating conditions and Using standard Test Load 


SYMBOL 


PARAMETER 


MILITARY 


COMMERCIAL 


MIN TYPt MAX MIN TYPf MAX 



3-62 












Normal PROM Operation (Mode = LOW) 
(for 53/63DA441 only withT = HIGH) 
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2048x4 Diagnostic 53DA841 

Registered PROM 63DA841 

with Asynchronous Enable and Output Initialization 


Description 


Features/Benefits 

• Asynchronous output enable 

• Programmable asynchronous output initialization 

• Provides system diagnostic testing with system 
controilabiiity and observability 

• Shadow register eiiminates shifting hazards 

• Edge-triggered “D” registers simpiifies system timing 

• Cascadabie for wide controi words used in 
microprogramming 

• 24-pin SKINNYDIP® saves space 

• Reliable titanium-tungsten fuses (TiW), with programming 
yieids typicaiiy greater than 98% 

• 24-mA output drive capability 

• Replaces embedded diagnostic code 


Applications 

• Microprogram control store with built-in 
system diagnostic testing 

• Serial character generator 

• Serial code converter 

• Parallel in/serial out memory 

• Cost-effective board testing 


The 53/63DA841 is a 2Kx4 PROM with registered three-state 
outputs, programmable asynchronous initialization and a shadow 
register for diagnostic capabilities. Shadow register diagnostics 
allow observation and control of the system without introduc- 
ing intermediate illegal states. The output register, which can 
receive parallel data from either the PROM array or the shadow 
register is loaded on the rising edge of CLK. The shadow regis- 
ter, which can receive parallel data from the output register or 
serial data from SDI , is loaded on the rising edge of DCLK. When 
the output drivers are disabled, the shadow register receives its 
parallel data from the output bus. During diagnostics, data 
loaded into the output register from the PROM array can be par- 
allel-loaded into the shadow register and serially shifted out 
through SDO, allowing observation of the system. Similarly, 
diagnostic data can be serially shifted into the shadow register 
through SDI, and parallel-loaded into the output register, allow- 
ing control and test scanning to be imposed on the system. 
Since the output register and the shadow register are loaded by 
different input signals, they can be operated independently of 
one another. In addition, diagnostic PROMs can be cascaded to 
construct wide control words used in microprogramming. When 
exercised, the Initialization input loads the register with a user- 
programmable Initialization word, independent of the state of 
CLK. This feature isa superset of preset and clear functions, and 
can be used to generate an arbitrary microinstruction for system 
reset or interrupt. 



Selection Guide 



SKINNYDIP® is a registered trademark of Monolithic Memories 

TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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53/63DA841 


Function Table 


INPUTS 

OUTPUTS 

OPERATION 

MODE 

SDI 

CLK 

DCLK 

Q3-Q0 

S3-S0 

SDO 

L 

X 

I 

* 

On - PROM 

HOLD 

S3 

Load output register from PROM array 

L 

X 

* 



t 

HOLD 

Sn — Sn-1 

SO*- SDI 

S3 

Shift shadow register data 

L 

X 

t 

I 

On*- PROM 

Sn Sn-1 

SO SDI 

S3 

Load output register from PROM array 
while shifting shadow register data 

H 

X 

t 

* 

On ^ Sn 

HOLD 

SDI 

Load output register from shadow register 

H 

L 

* 


HOLD 

Sn *- Qn 

SDI 

Load shadow register from output bus 

H 

H 


t 

i HOLD 

HOLD 

I SDI 

No operation f 


* Clock must be steady or falling. 

I Reserved operation for SN54/74S818 8-Bit Diagnostic Register. 


Definition of Signals 


MODE The MODE pin controls the output register mul- 
tiplexer and the shadow register. When MODE 
is LOW, the output register receives data from 
the PROM array and the shadow register is con- 
figured as a shift register with SDI as its input. 
When MODE is HIGH, the output register receives 
data from the shadow register. The shadow reg- 
ister is controlled by SDI asvwell as MODE. With 
MODE HIGH and SDI LOW, the shadow regis- 
ter receives parallel data from the output register. 
With MODE and SDI both HIGH, the shadow 
register holds its present data. 

SDI The Serial Data In pin is the input to the least 

significant bit of the shadow register when 
operating in the shift mode. SDI is also a control 
Input to the shadow register when it is not in the 
shift mode. 

SDO The Serial Data Out pin is the output from the 

most significant bit of the shadow register when 
operating in the shift mode. When the shadow 
register is not in the shift mode, SDO displays the 
logic level present at SDI, decreasing serial shift 
time for cascaded diagnostic PROMs. 


CLK 


The clock pin loads the output register on the 
rising edge of CLK. * 


DCLK The diagnostic clock pin loads or shifts the 

shadow register on the rising edge of DCLK. 

Q3-Q0 On represents the data outputs of the output 
register. During a shadow register load these 
pins are the internal data Inputs to the shadow 
register. 

S3-S0 Sn represents the interna! shadow register 

outputs. 

A10-A0 An represents the address Inputs to the PROM 
array. 

E The Output Enable pin operates independent of 

CLK. When E is LOW the outputs are enabled. 
When E is HIGH, the outputs are in the high- 
impedance state. 

T The asynchronous output register initialization 

input pin operates independent of CLK. When! is 
LOW, the output register is loaded with a user- 
programmable initialization word. Programmable 
initialization is a super-set of preset and clear 
functions, and can be used to generate any 
microinstruction for system reset or interrupt. 
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53/63DA841 


Absolute Maximum Ratings 

Operating Programming 

Supply voltage V^Q. . ^0.5 V to 7 V .12 V 

Input voltage . . ..... . . . ; -1.5 V to 7 V 7 V 

Input current -30mAto+5mA 

Off-etate output voltage ....... -0.5 V to 5.5 V 1 2 V 

Storage temperature -65° to +150° C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYPt MAX 

COMMERCIAL 
MIN TYPt MAX 

UNIT 

Vcc 

Supply voltage 

4.5 

5 5.5 

4.75 

5 

5.25 

V 

Ta 

Operating free-air temperature 

-55 

25 125 

0 

25 

75 


V 

Width of CLK (HIGH or LOW) 

25 

10 

20 

10 


ns 

^SU 

Set up time from address to CLK 

45 

27 

40 

27 


ns 


Hold time for CLK 

0 

-15 

0 

-15 


ns 

^wd 

Width of DCLK (HIGH or LOW) 

45 

15 

40 

15 


ns 

^sud 

Set up time from control inputs (SDI, MODE) to CLK, DCLK 

50 

20 

45 

20 


ns 

thd 

Hold time for DCLK 

0 

-5 

0 

-5 


ns 

W 

Initialization pulse width (LOW) 

25 

10 

20 

10 


ns 

tir 

Initialization recovery time 

45 

30 

40 

30 


ns 


Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYPf MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2.0 

V 

V|C 

Input clamp voltage 

Vcc = MIN 

I| = -18 mA 

-1.2 

V 

l|L 

Low-level Input current 

Vcc = max 

Vj = 0.4 V 

-0.25 

m A 

'IH 

High-level input current 

Vqc=MAX 

V| = Vcc max 

40 

mA 

VoL 

Low-level output voltage 

Vcc = min 

Com Iql" 24 mA 

0.5 

V 

Mil loL= 16 mA 

VOH 

High-level output voltage 

Vcc = min 

Com Iqh = ”6-2 mA 

2.4 

V 

Mil Iqi-^ = -2 rnA 

'OZL 

Off-state output current 

Vcc = max 

Vo = 0.4 V 

-100 

mA 

'OZH 

Vo = 2.4V 

40 

'os 

Output short-circuit current* 

< 

o 

0 

II 

01 
< 

< 

o 

II 

o 

< 

-20 -90 

mA 

'ce 

Supply current 

Vcc ~ max. All inputs TTL All outputs open. 

140 185 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at 5.0 V Vqq and 25° C Ty!^. 
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Switching Characteristics over operating conditions and Using standard Test Load 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYPt MAX 

COMMERCIAL 
MIN TYPt MAX 

UNIT 

tCLK 

CLK to output 


13 

25 


13 

20 

ns 


Enable time 


16 

30 


16 

25 

ns 

^EA 

Disable time 


16 

30 


16 

25 

ns 

^IQ 

Initialization to output delay 


23 

40 


23 

35 

ns 

•maxd 

Maximum diagnostic elock frequency 

7 

18 


10 

18 


MHz 

‘DS 

DCLK to SDO delay (MODE = LOW) 


19 

35 


19 

30 

ns 

*SS 

SDI to SDO delay (MODE = HIGH) 


16 

30 


16 

25 

ns 

*MS 

MODE to SDO delay 


14 

30 


14 

25 

ns 


■f Typicals at 5.0 V Vcc and 25° C Ta. 


Definition of Waveforms 
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4096x4 Diagnostic 
Registered PROM 

Asynchronous Enable 


Features/Benefits 

• Asynchronous output enable 

• Provides system diagnostic testing for system 
controilability and observability 

• Shadow register eliminates shifting hazards 

• Edge-triggered “D” registers simpiifies system timing 

• Casadable for wide control words used in 
microprogramming 

• 24-pin SKINNYDIP® saves space 

• 24-mA output drive capability 

• Replaces embedded diagnostic code 

Appiications 

• Microprogram control store with built-in 
system diagnostic testing 

• Serial character generator 

• Serial code converter 

• Parallel In/serlal out memory 

• Cost-effective board testing 


53D1641 

63D1641 

Patent Pending 


Description 

The 53/63D1641 Is a 4Kx4 PROM with registered three-state 
outputs and a shadow register for diagnostic capabilities. 

Shadow register diagnostics allow observation and control of 
the system without introducing Intermediate illegal states. The 
output register, which can receive parallel data from either the 
PROM array or the shadow register, is loaded on the rising 
edge of CLK. The shadow register, which can receive parallel 
data from the output register or serial data from SDI, is loaded 
on the rising edge of DGLK. When the output drivers are dis- 
abled, the shadow register receives itis parallel data from the 
output bus. During diagnostics, data loaded into the output 
register from the PROM array can be parallel-loaded into the 
shadow register and serially shifted out through SDO, allowing 
observation of the system. Similarly, diagnostic data can be 
serially shifted into the shadow register through SDI, and paral- 
lel-loaded into the output register, allowing control and test 
scanning to be imposed on the system. Since the output regis- 
ter and the shadow register are loaded by different input sig- 
nals, they can be operated independent of one another. In addi- 
tion, diagnostic PROMs can be cascaded to construct wide 
control words used in microprogramming. 


Selection Guide 


MEMORY 

PACKAGE 

PART NUMBER 

SIZE 

ORGANIZATION 

PINS 

TYPE 

0°Cto+75°C 

-55°Cto+125°C 

. 

16K 

4096x4 

24 

(28) 

NS,JS. 

W, 

(nl),(L)| 

63D1641 

53D1641 


SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 


21 75 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TWX: 91 0-338-2374 
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Block Diagram 



03-00 


Pin Configurations 




Manollthla UUIUJ Memortes 


3-73 







53/63D1641 


Function Table 


INPUTS 

OUTPUTS 

OPERATION 

MODE 

SDI 

CLK 

DCLK 

03-00 

S3-S0 

SDO 

L 

X 

t 

★ 

Qn — PROM 

HOLD 

S3 

Load output register from PROM array 

L 

X 

★ 

t 

HOLD 

Sn — Sn-1 
SO — SDI 

S3 

Shift shadow register data 

L 

X 

t 

t 

On— PROM 

Sn — Sn-1 
SO — SDI 

S3 

Load output register from PROM array 
while shifting shadow register data 

H 

X 

f 

* 

Qn — Sn 

HOLD 

SDI 

Load output register from shadow register 

H 

L 

★ 

t 

HOLD 

Sn — On 

SDI 

Load shadow register from output bus 

H 

H 

* 

t 

HOLD 

HOLD 

SDI 

Nboperationt 


* Clock must be steady or falling. 

■f Reserved operation for SN54/74S818 8-Bit Diagnostic Register. 


Definition of Signals 

MODE The MODE pin controls the output register mul- 

tiplexer and the shadow register. When MODE 
is LOW, the output register receives data from 
the PROM array and the shadow register is con- 
figured as a shift register with SDI as its Input. 
When MODE is H IGH, the output register receives 
data from the shadow register. The shadow reg- 
ister is control led by SD I as wel I as MODE. With 
MODE HIGH and SDI LOW, the shadow regis- 
ter receives parallel data from the output bus. 
With MODE and SDI both HIGH, the shadow reg- 
ister holds its present data. 

SDI The Serial Data In pin is the input to the least 

significant bit of the shadow register when 
operating In the shift mode. SDI is also a control 
Input to the shadow register when it is not in the 
shift mode. 

SDO The Serial Data Out pin is the output from the 

most significant bit of the shadow register when 
operating in the shift mode. When the shadow 
register is not in the shift mode, SDO displays the 
logic level present at SDI, decreasing serial shift 
time for cascaded diagnostic PROMs. 


CLK The CLOCK pin loads the output register on the 

rising edge of CLK. 

DCLK The diagnostic clock pin loads Or shifts the 

shadow register on the rising edge of DCLK. 

Q3-Q0 Qn represents the data outputs Of the output 
register. During a shadow register load with 
outputs enabled these pins are the internal data 
Inputs to the shadow register. With the outputs 
three-stated these pins are external data inputs 
to the shadow register. 

S3-S0 Sn represents the internal shadow register 

outputs. 

A1 1-AO An represents the address inputs to the PROM 

array. 

E The Output ^nable pin operates independent of 

CLK. When E is LOW the outputs are enabled. 
When E Is HIGH, the outputs are in the high 
Impedance state. 
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Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Input Current 

Off-state output voltage 

Storage temperature 


Operating 

.... -0.5Vto7 V 
.... -1.5 V to 7 V 
-30 mA to +5 mA 
. . -0.5 V to 5.5 V 
. -65°to+150°C 


Programming 

12 V 

......... 7V 

........ 12 V 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYPt MAX 

COMMERCIAL 
MIN TYPt MAX 

UNIT 

Vcc 

Supply voltage 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Ta 

Operating free air temperature 

-55 

25 

125 

0 

25 

75 

°c 

‘w 

Width of CLK (HIGH or LOW) 

25 

10 


20 

10 


ns 

^su 

Set up time from address to CLK 

45 

25 


40 

25 


ns 

‘h 

Hold time for CLK 

0 

-15 


0 

-15 


ns 

^wd 

Width of DCLK (HIGH or LOW) 

45 

15 


40 

15 


ns 

^sud 

^ ^ — — 1 

Set up time from control inputs (SDI, MODE) to CLK, DCLK 

50 

20 


45 

20 

■ 

ns 

^hd 

Hold time for DCLK 

0 

-5 

' 

0 

-5 

' 

ns 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYPt 

MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2.0 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

I| = -18 mA 

-1.2 

V 

l|L 

— 

Low-level input current 

Vqc = MAX 

V| =0.4V 

-0.25 

mA 

l|H 

High-level input current 

Vqq= max 

V| = Vqq MAX 

40 

fiA 

o 

> 

Low-level output voltage 

Vqq = MIN 

Com 1oL= 24 mA 

0.5 

V 

Mil loi_ = 16 mA 

X 

o 

> 

High-level output voltage 

Vqq = MIN 

Com Iq|_| = -3.2 mA 

2.4 

V 

Mil lQj_j = -2 mA 


'OZL 

Off-state output current 

Vqq = MAX 

Vo = 0.4V 

-100 

nA 

'OZH 

Vo=2;4V 

40 

'os 

Output short-circuit current* 

Vgc=5V 

> 

o 

II 

O 

> 

-20 


-90 

mA 

'cc 

Supply current 

Vqc = MAX. All inputs TTL. .All outputs open. 


140 

190 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


■f Typicals at 5.0 V Vqq and 25° C T^. 
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Switching Characteristics Over Operating Conditions and Using Standard Test Load 


PARAMETER 


MILiTARY COMMERCiAL 
MIN TYPt MAX MIN TYPt MAX 



LOAD OUTPUT REGISTER 
FROM PROM ARRAY 


Vql + 0.5V 


OUTPUT DISABLE/ENABLE 


NORMAL PROM OPERATION (MODE = LOW) 


MonoUthki 


MamoHms 
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SHIFT DATA INTO SHADOW REGISTER 


LOAD OUTPUT REGISTER 
FROM SHADOW REGISTER 


SYSTEM CONTROL 









l^tDS-^ 

LOAD OUTPUT 
REGISTER FROM 

PROM ARRAY 


LOAD SHADOW 
REGISTER FROM 
OUTPUT REGISTER 

SHIFT DATA OUT OF SHADOW REGISTER 


SYSTEM OBSERVATION 
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4096x4 Diagnostic 
Registered PROM 

Output Initialization 


53DA1643 
63DA1 643 


Features/Benefits 

• Programmable asynchronous output initialization 

• Provides system diagnostic testing with system 
controllability and observability 

• Shadow register eliminates shifting hazards 

• Edge-triggered “D” registers simplifies system timing 

• Cascadable for wide control words used in 
microprogramming 

• 24-pin SKINNYDiP® saves space 

• 24-mA output drive capability 

• Replaces embedded diagnostic code 

Applications 

• Microprogram control store with built-in 
system diagnostic testing 

• Serial character generator 

• Serial code converter 

• Parallel in/serial out memory 

• Cost-effective board testing 


Selection Guide 


Description 

The 53/63DA 1643 is a 4Kx4 PROM with registered outputs, 
programmable asynchronous initialization, and a shadow reg- 
ister for diagnostic capabilities. Shadow register diagnostics 
allow observation and control of the system without introduc- 
ing intermediate illegal states. The output register, which can 
receive parallel data from either the PROM array or the shadow 
register is loaded on the rising edge of CLK. The shadow regis- 
ter, which can receive parallel data from the output register or 
serial data from SDI, is loaded on the rising edge of DCLK. 
During diagnostics, data loaded Into the output register from 
the PROM array can be parallel-loaded into the shadow register 
and serially shifted out through SDO, allowing observation of 
the system. Similarly, diagnostic data can be serially shifted 
Into the shadow register through SDI, and parallel-loaded into 
the output register, allowing control and test scanning to be 
Imposed on the system. Since the output register and the 
shadow register are loaded by different input signals, they can 
be operated independently of one another. In addition, diag- 
nostic PROMs can be cascaded to construct wide control 
words used in microprogramming. When exercised, the Initiali- 
zation input loads the output register with a user-programmable 
initialization word, independent of the state of CLK. This fea- 
ture Is a superset of preset and clear functions, and can be used 
to generate an arbitrary microinstruction for system reset or 
interrupt 


MEMORY 

PACKAGE 

PART NUMBER 

SIZE 

ORGANIZATION 

PINS 

TYPE 

0°Cto+75°C 

-55°Cto+125°C 

16 K 

4096x4 

24 

(28) 

NS,JS, 

w, 

(NL),(L) 

- — . 

63DA1643 

53DA1643 


I SKINNYDIP® is a registered trademark of Monolithic Memories. 


i 2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel; (408) 970-9700 TWX; 910-338-2374 
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Block Diagram 


A11>A0 



Q3-Q0 


Pin Configurations 
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Function Table 


INPUTS 

OUTPUTS 

OPERATION 

MODE 

SDI 

CLK 

DCLK 

Q3-Q0 

S3-S0 

SDO 

L 

X 

t 

★ 

Qn — PROM 

HOLD 

S3 

Load output register from PROM array 

L 

X 

* 

t 

HOLD 

Sn>~ Sn-i 
SO ^ SPI 

S3 

Shift shadow register data 

L 

X 

t 

t 

Qn^PROM 

Sn Sn-T 
SO — SDI 

S3 

Load output register from PROM array 
while shifting shadow register data 

H 

X 

t 

★ 

Qd>- Sn 

HOLD 

SDI 

Load output register from shadow register 

H 

L 

* 

t 

HOLD 

Sn — Qn 

SDI 

Load shadow register from output bus 

H 

H 

* 

t 

1 HOLD 

HOLD 

SDI 

Nooperationf 


* Clock must be steady or falling. 

t Reserved operation for SN54/74S818 8-Bit Diagnostic Register. 


Definition of Signals 


MODE 

The MODE pin controls the output register mul- 
tiplexer and the shadow register. When MODE 
is LOW, the output register receives data from 

CLK 

The clock pin loads the output register on the 
rising edge of CLK. 


the PROM array and the shadow register is con- 
figured as a shift register with SDI as its input.. 
When MODE is HIGH the output register receives 

DCLK 

The diagnostic clock pin loads or shifts the 
shadow register on the rising edge of DCLK. 


data from the shadow register. The shadow reg- 
ister is controlled by SDI as well as MODE. With 
MODE HIGH and SDI LOW, the shadow regis- 
ter receives parallel data from the output register. 
With MODE and SDI both HIGH, the shadow 

Q3-Q0 

Qn represents the data outputs of the output 
register. During a shadow register load these 
pins are the internal data inputs to the shadow 
register. 

■ 

register holds its present data. 

S3-S0 

Sn represents the internal shadow register 

SDI 

The Serial Data In pin is the input to the least 


outputs. 


significant bit of the shadow register when 
operating in the shift mode. SDI is also a control 
input to the shadow register when it is not in the 

A11-A0 

An represents the address inputs to the PROM 
array. 


shift mode. 

T 

The asynchronous output register initialization 

SDO 

The Serial Data Out pin is the output from the 
most significant bit of the shadow register when 
operating in the shift mode. When the shadow 
register Is not in the shift mode, SDO displays the 
logic level present at SDI, decreasing serial shift 
time for cascaded diagnostic PROMs. 


input pin operates independent of CLK. When I is 
LOW, the output register is loaded with a user 
programmable initialization word. Programmable 
initialization is a super set of preset and clear 
functions, and can be used to generate any 
microinstruction fpr system reset or interrupt. 


MonoUtMa EHS MemoHaa 
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Logic Diagram 


4096x4 Diagnostic PROM 
with Asynchronous Initialization 
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Absolute Maximum Ratings 

Operating Programming 

Supply voltage Vqq -0.5 V to 7 V ............. . . .... ... 12 V 

Input voltage -1.5 V to 7 V 7 V 

Input current -30 mA to +5 mA 

Off-State output voltage -0.5 V to 5.5 V ... ............ .12 V 

Storage temperature -65° to +1 50° C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYPt MAX 

COMMERCIAL 
MIN TYPtMAX 

UNIT 

Vcc 

Supply voltage 

4.5 

5 5.5 

4.75 

5 

5.25 

V 

Ta 

Operating free-air temperature 

-55 

25 125 

0 

25 

75 

°c 

‘w 

Width of CLK (HIGH or LOW) 

25 

10 

20 

10 


ns 

^SU 

Set up time from address to CLK 

45 

25 

40 

25 


ns 

‘h 

Hold time for CLK 

0 

-15 

0 

-15 


ns 

Wd 

Width of DCLK (HIGH or LOW) 

45 

15 

40 

15 


ns 

^sud 

Set up time from control inputs (SDI, MODE) to CLK, DCLK 

50 

20 

45 

20 


ns 

^hd 

Hold time for DCLK 

0 

-5 

0 

-5 


ns 

tjw 

Initialization pulse width (LOW) 

25 

10 

20 

10 


ns 

‘ir 

Initialization recovery time 

45 

25 

40 

25 


ns 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H : 

High-level input voltage 


2.0 

V 

V|G 

Input clamp voltage 

Vqq = MIN 

I| = -18 mA 

-1.2 

V 

l|L 

Low-level input current 

Vqc = max 

V, = 0.4 V 

-0.25 

mA 

'IH 

High-level input current 

Vcc = MAX 

V| = Vqq max 

40 

pA 

-j 

O 

> 

Low-level output voltage 

Vqq = MIN 

Com Iql = 24 mA 

0.5 

V 

Mil loL= 16 mA 

Vqh 

High-level output voltage 

Vqq = MIN 

Com Iqi-i = -3.2 mA 

2.4 

V 

Mil lQ|_j = -2 mA 

'os 

Output short-circuit current* 

Vqq = MAX 

> 

o 

II 

O 

> 

-20 -90 

mA 

Ice 

Supply current 

Vqq = MAX. All inputs TTL. All outputs open. 

140 190 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
f Typicals at 5.0 VVqq and 25° C T^. 
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Switching Characteristics Over Operating Conditions and Using Standard Test Load 
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Monolithic Memories PROM Programmer Reference Chart 


Source 

and 

Location 

Data I/O Corp. 

10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond 

WA 98073-9746 

Kontron Electronics Inc. 
1230 Charleston Rd. 
Mountain View 

CA 94039 

Stag Microsystems Inc. 
528-5 Weddell Dr. 
Sunnyvale 

CA 94089 

Digelec Inc. 

1602 Lawrence Ave. 
Suite 113 

Ocean 

NJ 07712 

Varix Corp. 

1210 E. Campbell Rd. 
Suite 100 

Richardson 

TX 75081 

Programmer 

Model(s) 

Model 19/29A/29B 

Model MPP-80S 

Model PPX 

Model PPZ 

UP803 

CMNI 

MMI Generic 
Bipoiar PROM 
Personality 
Module 

UniPak Rev 10 

UniPakll Rev07 
(Not all PROMs are 
supported by earlier 
UniPak revisions) 

MODI 6 

Zm2000 

FAMMod.No. 12 


Socket Adapter(s) 
and Device Code 

63S080/81 

, 

F18 P02 

Model 22A - 
Adapter 351 A-064 

SA3 

AM1 10-2 

Code 21 

DA No. 2 Pinout 1 A 
Switch Pos. 0-7 
(63S080) 

Switch Pos. 0-6 
(63S081) 

63S080 

63S081 

63S140/41 

F18P01 

Model 22A- 
Adapter 351 A-064 

SA4-2 

AM130-2 

Code 21 

DA No. 1 Pinout IB 
Switch Pos. 0-7 
(63S140) 

Switch Pos. 0-6 
(63S141) 

63S140 

63S141 

63S240/41 

F18P03 

Model 22A - 
Adapter 351 A-064 

SA4-1 

AMI 30-3 

Code 21 

DA No. 1 Pinout ID 
Switch Pos. 2-15 
(63S240) 

Switch Pos. 2-14 
(63S241) 

63S240 

63S241 

63S280/81 

FI 8 P08 

Model 22A - 
Adapter 351 A-064 

SA6-1 

Code 21 

t 

63S280 

63S281 

63S440/41 

FI 8 P05 

Model 22A - 
Adapter 351 A-064 

SA4 

AM140-2 

Code 21 

DA No. 3 Pinout IE 
Switch Pos. 0-7 
(63S440) 

Switch Pos. 0-6 
(63S441) 

63S440 

63S441 

63S480/81 

F18 P09 

Model 22A- 
Adapter 351 A-064 

SA6 

Code 21 

t 

63S480 

63S481 

63RA481 

FEC P65 

Model 22A - 
Adapter 351 A-074 

SA31-2 

Code 21 

Pinout 1H 

Switch Pos. 5-14 

63RA481 

63DA441/42 

FAAPAC 

Adapter 351 A-073 

t 

t 

t 

t 

63S841 

F18 P06 

Model 22A - 
Adapter 351 A-064 

SA4-4 

AM 140-3 

Code 21 

DA No. 3 Pinout 1L 
Switch Pos. 5-15 
(63S840) 

Switch Pos. 5-14 
(63S841) 

63S841 

63RS881 

F13P86 

Model 22A - 
Adapter 351 A-074 
(300 mil pkg) 

t 

Code 21 

DA No. 64 

Switch Pos. 0-12 

63RS881 


f Contact manufacturer for availability and programming information. 
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Monolithic Memories PROM Programmer Reference Chart 


Source 

and 

Location 

Data I/O Corp. 

10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond 

WA 98073-9746 

Kontron Electronics Inc. 
1230 Charleston Rd. 
Mountain View 

CA 94039 

Stag Microsystems Inc. 
528-5 Weddell Dr. 
Sunnyvale 

CA 94089 

Digelec Inc. 

1602 Lawrence Ave. 
Suite 113 

Ocean 

NJ 07712 

Varix Corp. 

1210 E. Campbell Rd. 
Suite 100 

Richardson 

TX 75081 

Programmer 

Model(s) 

Model 19/29A/29B 

Model MPP-80S 

Model PPX 

Model PPZ 

UP803 

OMNI 

MMI Generic 
Bipolar PROM 
Personality 
Module 

UnIPak Rev 10 

UniPakll Rev 07 
(Not all PROMs are 
supported by earlier 
UniPak revisions) 

MOD16 

Zm 2000 

FAM Mod. No. 12 


Socket Adapter(s) 
and Device Code 

63DA841 

FAAPAO 

Adapter 351 A-073 

t 

t 

t 

t 

63S1641 

F18P53 

Model 22A - 
Adapter 351 A-064 

SA20 

AM 120-6 

Code 21 

DA No. 70 

Switch Pos. 4-12 

63S1641 

63S1681 

F18P21 

SA5-4 

AM 100-5 

Code 21 

DA No. 7 

63S1681 

63RA168t 

63RS1681 

F18PA3 

t 

Code 21 

DA No. 64 

63RA1681 

63RS1681 

63D1641 

FB2P80 

Adapter 351 A-073 

t 

■ 

Code 21 

t 

63D1641 

63DA1643 

FAAP87 

Adapter 351 A-073 

t 

t 

t 

t 

63S3281 

F18P63 

t 

Code 21 

DA No. 64 Pinout 47 
Switch Pos. 0-4 

63S3281 


Contact manufacturer for availability and programming information. 
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PLE to PDOM Cross Reference 


TEMP. 

RANGE 

PLE 

NUMBER 

INPUTS 

OUTPUTS 

OUTPUT 

TYPE 

MEMORY 

SIZE 

PROM 

NUMBER 

PACKAGE 


PLE5P8C 

5 

8 

Three-State 

32 X 8 

63S081 

16N,J,(20),(NL) 


PLE5P8AC 

5 

8 

Three-State 

32x8 

63S081A 

16N,J,(20).(NL) 


PLE8P4C 

8 

4 

Three-State 

256x4 

63S141A 

16N,J,(20),(NL) 


PLE8P8C 

8 

8 

Three-State 

256 X 8 

63S281A 

20N,J,NL 


PLE9P4C 

:9 

4 

Three-State 

512 X 4 

63S241A 

16N,J,(20),(NL) 


PLE9P8C 

9 

a 

Three-State 

512x8 

63S481A 

20N,J.NL 


PLE10P4C 

10 

4 

Three-State 

1024 X 4 

63S441A 

18N,J,(20),(NL) 

Com. 

PLE10P8C 

10 

8 

Three-State 

1024x8 

63S881A 

24N,J,NS.JS,(28),(NL) 

PLE11P4C 

11 

4 

Three-State 

2048 X 4 

63S841A 

18N,J,(20),(NL) 


PLE11P8C 

11 

8 

Three-State 

2048x8 

63S1681A 

24N,J,NS,JS,(28),(NL) 


PLE12P4C 

12 

4 

Three-State 

4096 X 4 

63S1641A 

20N,J,NL 


PLE12P8C 

12 

8 

Three-State 

4096 X 8 

63S3281A 

24N,J.(28),(NL) 


PLE9R8C 

9 

8 

Register 

512x8 

63RA481A 

24NS,JS,(28),(NL) 


PLE10R8C 

10 

8 

Register 

1024 X 8 

63RS881A 

24NS,JS,(28),(NL) 


PLE11RA8C 

11 

8 

Register 

2048x8 

63RA1681A 

24NS,JS.(28),(NL) 


PLE11RS8C 

11 ■ : I 

8 

Register 

2048 X 8 

63RS1681A 

24NS,JS,(28).(NL) 


PLE5P8M 

^ 5 ■■ 

8 

Three-State 

32 X 8 j 

53S081 

16J,W,(20),(L) 


PLE8P4M 

8 

4 

Three-State 

256x4 

■ 

53S141A 

16J,W,(20),(L) 


PLE8P8M 

8 

8 

Three-State 

256 X 8 

53S281A 

20J,W,L 


PLE9P4M 

9 

4 

Three-State ! 

512x4 

53S241A 

16J,W,(20),(L) 


PLE9P8M 

9 ^ 

8 

Three-State 

512x8 

53S481A 

20J,F,L 


PLE10P4M 

10 

4 

Three-State 

1024 X 4 

53S441A 

18J,W.(20),(L) 


PLE10P8M 

10 

8 

Three-State 

1024x8 

53S881A 

24JS,J,W,(28),(L) 

Mil. 

PLE11P4M 

11 J 

4 

Three-State 

2048x4 

63S841A 

18J,W,(28),(L),(20),(L)* 


PLE11P8M 

' .11 ■ ■: 

8 

Three-State 

2048x8 

53S1681A 

24JS,J,W,(28),(L) 


PLE12P4M 

12 

4 

Three-State 

4096x4 

53S1641A 

20J 


PLE12P8M 

12 

■ ■■ ; 8 ^ :■ 

Three-State 

4096 X 8 

53S3281A 

24J,W,{28),(L) 


PLE9R8M 


8 ' 

Register 

512x8 

53RA481A 

24JS,W,(28).(L) 


PLE10R8M 

..■'■'Ip' 

8 

Register 

1024x8 

53RS881A 

24JS,J,W,(28),(L) 


PLE11RA8M 

11 

8 1 

Register 

2048 X 8 

53RA1681A 

24JS,W,(28).(L) 


PLE11RS8M 

11 

8 

Register 

2048x8 

53RS1681A 

24JS,W,(28),(L) 


* The PLE11P4M is available in a 20- or 28-pin Leadless Chip Carrier 
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Programmable Logic Element 
PLE^" Circuit Family 


Features/Benefits 

• Programmable replacement for conventional TTL logic 

• Reduces 1C inventories and simplifies their controi 

• Expedites and simpiifies prototyping and board layout 

• Saves space with 0.3-inch SKINNYDIP® packages (except 
PLE12P8) 

• Programmed on standard PROM programmers 

• Test and simulation made simple with PLEASM^** software 

• Low-current PNP inputs 

• Three-state outputs 

• Reliable TiW fuses guarantee >98% programming yield 


PLE = Programmable 
Logic Element 

NUMBER OF INPUTS - 

OUTPUT TYPE — — — ' 

P = Non Registered 
R = Registered 
RA = Registered 

Asynchronous 

Enable 

RS = Registered 
Synchronous 
Enable 

NUMBER OF OUTPUTS— 

PERFORMANCE — 

Blank = Standard 
A = Enhanced 


PROCESSING 
STD = Standard 
XXXX = Mil-Std'883, Class B 

PACKAGE TYPE 
N = Plastic DIP 
NS = Plastic SKINNYDIP 
J -Ceramic DIP 
JS = Ceramic SKINNYDIP 
F = Ceramic Solder Seal 
Flat Pack 

L = Leadibss Chip Carrier 
NL - Plastic Leaded Chip 
Carrier 

W = Cerpack 

TEMPERATURE CODE 
C=0°Cto+75°C 
M = -55°Cto+125°C 


Ordering Information 

PLE5P8ACNSTD 

PREFIX — — —I TTT T T T 


PLE Circuit Selection Guide 


PART 

INPUTS 

OUTPUTS 

PRODUCT 

OUTPUT 

tpD (ns) 

NUMBER 

TERMS 

REGISTERS 

MAX* 

PLE5P8 

5 

8 

32 


25 

PLE5P8A 

5 

8 

32 


15 

PLE8P4 

8 


256 


30 

PLE8P8 

8 

8 

256 


28 

PLE9P4 

9 

4 

512 


35 

PLE9P8 

9 

8 

512 


30 

PLE10P4 

10 

4 

1024 


35 

PLE10P8 

10 

8 

1024 


30 

PLE11P4 

11 

■ '';4 ' 

2048 


35 

PLE11P8 

11 

8 

2048 


35 

PLE12P4 

12 

4 

4096 


35 

PLE12P8 

12 

8 

4096 


35 

PLE9R8 

9 

8 

512 

8 

15 

PuE10R8 

10 

8 

1024 

8 

15 

PLE11RA8 

, 'IT-:; 

8 

2048 

8 

15 

PLE11RS8 

' 

8 

2048 

8 



* Clock to output time for registered outputs. 
Note: Commercial limits specified. 


SKINNYDIP® is a registered trademark of Monolithic Memories. 
PLE" and PLEASM"" are trademarks of Monolithic Memories. 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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PLE Family 


PLE Means Programmable 
Logic Element 

Joining the world of IdeaLogic^** is a new generation of High- 
speed PROMs which the designer can use as Programmable 
Logic Elements. The corribination of PLE circuits as logic ele- 
ments with PAL devices can greatly enhance system speed 
while providing almost unlimited design freedom. 

Basically, PLE circuits are ideal when a large number of product 
terms is required. On the other hand, a PAL device is best suited 
for situations when many inputs are needed. 

The PLE circuit transfer function is the familiar OR of products. 
Like the PAL device, the PAE circuit has a single array of fusible 
links. Unlike the PAL device, the PLE circuits have a program- 
mable OR array driven by a fixed AND array (the PAL device is a 
programmed AND array driving a fixed OR array). 

PRODUCT TERM AND INPUT LINES 

PLE PAL 

Product Terms 32 to 4096 1 to 16 

Input Lines 5 to 12 6 to 64 

The PLE family features common electrical parameters and 
programming algorithm, low-current PNP inputs, full Schottky 
clamping and three-state outputs. 

The entire RLE family Is programmed on conventional PROM 
programmers with the appropriate personality cards and socket 
adapters. 


Regirterod PLE Circuits 

The registered PLE circuits have on-chip “D” type registers, 
versatile output enable control through synchronous and 
asynchronous enable inputs, and flexible start-up sequencing 
through programmable initialization. 

Data is transferred into the output registers on the rising edge of 
theclock. Provided that the asynchronous (E) and synchronous 
(ES) enables are Low, the data will appear at the outputs. Prior to 
the positive clock edge, register data are not affected by changes 
in addressing or synchronous enable inputs. 

Data control is rnade flexible with synchronous and asynchro- 
nous enable inputs. Outpute may beset to the high-impedance 
state at any time by setting E to a High or if ES is Nigh when the 
rising clock edge occurs. When Vqq power is first applied the 
synchronous enable flip-flop will be in the set condition causing 
the outputs to be In the high-impedance state. 

A flexible initialization feature allows start-up and time-out 
sequencing with 1:16 programmable words to be loaj^d into the 
output registers. With the synchronous INITIALIZE (IS) pin Low, 
one of the 1 6 initialize words, addressed through pins 5,6,7 and 8 
will be set in the output registers independent of all other Input 
pins. The unprog^rammed state of IS words are Low, presenting 
a CLEAR with IS pin Low. With all IS coli£pn words (A3-AO) 
programmed to the same pattern, the IS function will be 
independent of both row and column addressing and may be 
used as a single pin control. With all IS Words programmed High 
a PRESET function is performed. 

The PLE9R8 has asynchronous PRESET and CLEAR functions. 
With the chip enabled, a Low on the PR inp ut w ill cause all 
outputs to be set to the High state. When the CLR input Is set 
Low the output registers are rese t and all outputs will be set to 
the Low state. The PR and CLR functions are common to all 
output registers and independent of all other data input states. 



AND 

OR 

OUTPUT OPTIONS 

PLE 

Fixed 

Prog 

TS, Registered Outputs, 
Fusible Polarity 

FPLA 

Prog 

Prog 

TS, OC, Fusible Polarity 

FPGA 

Prog 

Prog 

TS, OC, Fusible Polarity 

FPLS 

Prog 

Prog 

TS, Registered Feedback I/O 

PAL 

Prog 

Fixed 

TS, Registered Feedback I/O 
Fusible Polarity 
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PLE Family 


PLEASMT" Software 

Software that makes programmable logic easy. 

Monolithic Memories has developed a software tool to assist in 
designing and programming PROMs as PLE circuits. This pack- 
age called “PLEASM” (PLE Assembler) is available for several 
computers including the VAXA/MS and IBM PC/DOS. PLEASM 


PLE (PROM) 


n INPUTS 



software converts design equation (Boolean and arithmetic) 
into truth tables and formats compatible with PROM pro- 
grammers. A simulator is also provided to test a design using a 
Function Table before actually programming the PLE circuit. 

PLEASM software may be requested through the Monolithic 
Memories IdeaLogic Exchange. 


PAL Device 


INPUTS 



Note: * = Hardwired connection 

X = Programmable fuse with a diode 
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PLE Family 


Absolute Maximum Ratings 


Operating 

Supply voltage Vqq -0.5 V to 7 V 

Input voltage -1,5 V to 7 V 

Off-state output voltage -0.5 V to 5.5 V 

Storage temoerature -65° to +1 50°C 


Programming 

...12 V 

......... JV 

....12 V 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCiAL 
MiN NOM MAX 

MILiTARY 

MiN NOM MAX 

UNIT 

Vcc 

Supply voltage 

4.75 5 5.2S 

4.5 5 5.5 

V 

Ta 

Operating free-air temperature 

0 25 75 

-55 25 125 

°c 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYPt 

MAX 

UNIT 

V|l‘ ' 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq= min 

l| = -18 mA 

-1.5 

V 

'IL 1 

Low-level input current 

Vcc = MAX 

V| = 0.4V 

-0.25 

mA 

l|H 

High-level input current 

Vcc = max 

O 

O 

> 

11 

> 

40 

mA 


Low-level output voltage 

Vcc = min 

‘OL “ '^A 

Com 


V 

^OL 

Mil 

0.5 

I 

O 

> 

High-level output voltage 

Vcc = min 

Com Iqh "" "3.2 mA 

2.4 

\/ 

Mil Iqh " "3 mA 


'OZL 

Off-state output current 

Vqc “ MAX 

Vo = 0.4V 

-40 

mA 

'OZH 

Vq = 2.4 V 

40 

‘os 

Output short-circuit current* 

< 

o 

o 

II 

cn 

< 

< 

O 

II 

o 

< 

-20 


-90 

mA 




5P8 


90 

125 





5P8A 


90 

125 





8P4 


80 

130 





8P8 


90 

140 


' 


Vcc = max 

All inputs 

9P4 


80 

130 




9P8 


104 

155 




grounded; 
all outputs open 

10P4 


95 

140 


'cc 

Supply current 

10P8 


92 

160 

m A 




11P4 


110 

150 





11P8 


135 

185 





12P4 


130 

175 





12P8 


150 

190 





9R8 


130 

180 




Vcc = max 

All inputs TTL; 
all outputs open 

10R8 


130 

180 




11RA8 


140 

185 





11RS8 


140 

185 



■f Typicals at 5.0 V Vqc and 25® C Ta- 
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PLE Family 


Switching Characteristics Over Commercial Operating Conditions 


DEVICE TYPE 

tpD (ns) 

PROPAGATION DELAY 

MAX 

tpzxANDtpxz(ns) 

INPUT TO OUTPUT 
ENABLE/DISABLE TIME 

MAX 

5P8AC 

15 

20 

5P8C 

25 

20 

8P4C 

30 

20 

8P8C 

28 

25 

9P4C 

35 

20 

9P8C 

30 

25 

10P4C 

35 

25 

10P8C 

30 

25 

11P4C 

35 

25 

11P8C 

35 

25 

12P4C 

35 

25 

12P8C 

35 

. , . 30 ' .. 


Switching Characteristics over Military operating conditions 


DEVICE TYPE 

tpD (ns) 

PROPAGATION DELAY 

MAX 

tpzx and tpxz (ns) 

INPUT TO OUTPUT 
ENABLE/DISABLE TIME 

MAX 

5P8M 

35 

30 

8P4M 

40 

30 

8P8M 

40 

30 

9P4M 

45 

30 

9P8M 

40 

30 

10P4M 

50 

30 

10P8M 

45 

30 

11P4M 

50 

30 

11P8M 

50 

30 

12P4M 

1 50 

30 

12P8M 

40 

■■ 35^ 
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PLE 9R8 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP* MAX 

MILITARY 

MIN TYP* MAX 

UNIT 

*w 

Width of clock (High or Low) 

20 

10 

20 

10 

ns 

^prw 

Width of preset or clear 

20 

10 

20 

10 

ns 

^clrw 

(Low) to Output (High or Low) 

^prr 

Recovery from preset or clear 

20 

11 

25 

11 

ns 

^clrr 

(Low) to clock High 

^su 

Setup time from input to clock 

30 

22 

35 

22 

ns 

ts(ES) 

Setup time from ES to clock 

10 

7 

15 

7 

ns 

»h 

Hold time from input to clock 

0 

-5 

0 

-5 

ns 


Hold time from ES^to clock 

5 

-3 

5 

-3 

ns 


Switching Characteristics over operating conditions and using standard Test Load 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP* MAX 

MILITARY 

MIN TYP* MAX 

UNIT 

•CLK 

Clock to output delay 

11 

15 

11 

20 

ns 

‘PR 

Preset to output delay 

15 

25 

15 

25 

ns 

‘CLR 

Clear to output delay 

18 

25 

18 

35 

ns 

¥zx 

Clock to output enable time 

14 

25 

14 

30 

ns 


Clock to output disable time 

14 

25 

14 30 

ns 

*PZX 

Input to output enable time 

10 

20 

10 

25 


‘PXZ 

Input to output disable time 

10 

20 

10 

25 



f Typicals at 5.0 VVcca'^cl 25° CTa- 


4-10 


mhrnomhto 


OliH 


Memories 

























NOTES: 1. Input pulse amplitude OV to 3.0 V. 

2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 

3. Input access measured at the 15 V level. 

4. Switch Sf is closed. C|_ = 30 pF and outputs measured at 1 .5 V level for all tests except tpxz ^PZX- 

5- tpzx *PZX(CLK) nieasured at the 1.5 V output level with Cl = 30 pF, Si is open for high impedance to “1" test and closed for 
high impedance to “0" test. 

tpxz and .tpxz(GLK) are tested with Cl = 5 pF. Si is open for “1” to high impedance test, measured at Voh" 0-5 V output level; 

Si is closed for “0” to high impedance test measured at Vql+O-S V output level. 
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PLE 10R8^11RA8,11RS8 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP* MAX 

MILITARY 

MIN TYP* MAX 

UNIT 

<w 

Width of clock (High or Low) 

20 

10 

20 

10 

ns 

»su 

Setup time from input to clock (10R8) 

30 

25 

40 

25 

ns 

^su 

Setup time from input to clock (T1RA8, 11RS8) 

35 

28 

40 

28 

ns 

ts® 

Setup time from ES to clock (except 1 1 RA8) 

15 

7 

15 

8 

ns 

‘s(iS) 

Setup time from Is to clock 

25 

20 

30 

20 

ns 

th 

Hold time input to clock 

0 

-5 

0 

-5 

ns 

th(^) 

Hold time (ES) (except 11 RA8) 

5 

-3 

5 

-3 

ns 

‘h(is) 

Hold time (IS) 

0 

-5 

0 

-5 

ns 


Switching Characteristics Over Operating Conditions and using Standard Test Load 


SYMBOL 

PARAMETER 

COMMERCIAL 

MILITARY 

UNIT 


MIN TYP* 

MAX 

MIN TYP* 

MAX 

*CLK 

Clock to output delay 

10 

15 

10 

20 

ns 

tpzx (CLK) 

Clock to output enable time (except 11 RA8) 

17 

25 

18 

30 

ns 

tpxz (CLK) 

Clock to output disable time (except 11RA8) 

17 

25 

18 

30 

ns 

‘pzx 

Input to output enable time (except 1 1 RS8) 

17 

25 

17 

30 

ns 

tpxz 

Input to output disable time (except 11 RS8) 

17 

25 

17 

30 

ns 


* Typicals at 5.0 V Vqq and 25° C T^. 


Definition of Waveforms 



NOTES: 1. Input pulse amplitude 0 V to 3.0 V. 

2. Input rise and fait times 2-5 ns from 0 8 V to 2.0 V. 

3. Input access measured at the 1.5 V level. 

4. Switch Sv is closed. Cl - 30 pF and outputs measured at 1 .5 V level for all tests except tp 2 x and tpxz 

5. tp2x and tp2X(CLK) are measured at the 1 .5 V output level with Cl = 30 pF. is open for high impedance to "1 " test and closed for 
high impedance to • 0" test. 

^PXZ and tpxZ{CLK) tested with Cl = 5 pF. Si is open for "1" to high impedance test, measured at Vqh'O 5 V output level; 

Si is closed for "O' to high impedance test measured at Vql^O 5 V output level. 
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RLE Family 


Switching Test Load 


Definition of Timing Diagram 


OUTPUT O- 


CLJ 


EUMi 




i- 


DON’T CARE; 
CHANGE PERMITTED 


NOT 

APPLICABLE 


MUST BE STEADY 


CHANGING; 
STATE UNKNOWN 


CENTER LINE IS 
HIGH IMPEDANCE STATE 


WILL BE STEADY 


Definition of Waveforms 



E 

/ ' / : 7 

r ~ — ~ ^ 

^ 


^AA— — -► 


-«-tER-^ 

^VoH -0.5 V 
^ Vql +0.5 V 

|-*-tEA-^ 


BHSK 





NOTES: Apply to electrical and switching characteristics. 

Typical at 5.0 VVqq and 25° C Ta- 

Measurements are absolute voltages with respect to the ground pin on the device and includes all overshoots due to system and/or tester noise. 

In all PLE devices unused inputs must be tied to either ground or Vqq. The series resistor required for unused inputs on standard TTL is NOT required 
for PLE devices, thus using less parts. 

*Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

For commercial operating range Ri = 200 a, R 2 = 390 Po*" iTi'l'tary operating range Ri = 300 n, R 2 = 600 n. 

1. Input pulse amplitude 0 V to 3.0 V. 

2. Input rise and fall times 2-5 ns from 0.8 to 2.0 V. 

3. Input access measured at the 1.5 V level. 

4. Data delay Is tested with switch Si closed. Cl = 30 pF and measured at 1.5 V output level. 

5. tp2x is measured at the 1 .5 V ouput level with Cl = 30 pF. S| is open for high-impedance to “1” test and closed for high-impedance to “0” test. 

^PXZ is measured Cl = 5 pF. Si is open for “1" to high-impedance test, measured at Vqh “0.5 V output level; Si is closed for “0” to high-impedance 
test measured at Vql + 0.5 V output level. 
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Gill 


Memories 
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PLE Family 


Block Diagrams 


PtESRS 

PLE10R8 


32X128 

PROGRAMMABLE 

ARRAY 


64 X 128 

PROGRAMMABLE 

ARRAY 


IS selects 1:16 programmable initialization words. 


16 PROGRAMMABLE INITIALIZE WORDS 


_£_| 1 OF 16 
7 I COLUMN 
DECODER 


1 OF 16 
COLUMN 
DECODER 


8-BIT EDGE-TRIGGERED 
REGISTER 


8 BIT EDGE-TRIGGERED 
REGISTER 


|g 


01 02 03 04 05 06 07 08 


01 02 03 04 05 06 07 08 


PLE11RS8 


TOF 128 
ROW 

DECODER 


128x128 

programmable 

ARRAY 


1 OF 128 
ROW 

DECODER 


128X128 

PROGRAMMABLE 

ARRAY 


16 PROGRAMMABLE INITIALIZE WORDS 


16 PROGRAMMABLE INITIALIZE WORDS 


1 OF 16 
COLUMN 
DECODER 


1 OF 16 
COLUMN 
DECODER 


8 BIT EDGE-TRIGGERED 

registIr 


8 BIT EDGE-TRIGGERED 

register 


IS 
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SOURCE 

AND 

LOCATION 

Data I/O Corp. 

10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond 

WA 98073<9746 

Kontron Electronics Inc. 
1230 Charleston Rd. 
Mountain View 

CA 94039-7230 

Stag Microsystems Inc. 
528-5 Weddell Dr. 
Sunnyvale 

CA 94089 

Digeiec Inc. 

1602 Lawrence Ave. 
Suite 113 

Ocean 

NJ 07712 

Varix Corp. 

1210 E. Campbell Rd. 
Suite 100 

Richardson 

TX 75081 

Programmer 

Model(s) 

Model19/29A/29B 

Model 22 

Model MMP-80S 

Model PPX 

Model PPZ 

UP803 — 

OMNI 

MMI Generic 
Bipolar PLE 
Personality 
Module 

UniPak Rev 10 

UniPak 1 1 Rev 07 
(Not all PLE devices 
are supported by earlier 
UniPak revisions) 

MODI 6 

Zm 2000 

FAMMod. No. 12 ; 


Socket Adapter(s) 

and Device Code » ' 

PLE5P8/ 

PLE5P8A 

F18P02 

Model 22A- 
Adapter 351A-064 

SA3 

AM1 10-2 

Code 21 

DA No. 2 Pinout 1 A 
Switch Pos. 0-6 

63S081 

PLE8P4 

F18P01 

Model 22A- 
Adapter 351A-064 

SA4-2 • 

AMI 30-2 

Code 21 

DA No. 1 Pinout 1 B 
Switch Pos. 0-6 

63S141 

PLE9P4 

F18P03 

Model 22A- 
Adapter 351 A-064 

SA4-1 

AM130-3 

Code 21 

DA No. 1 Pinout I'D 
Switch Pos. 2-1 4 

'■ ■■ ■■■ 

63S241 

PLE8P8 

F18P08 

Model 22A- 
Adapter 351 A-064 

SA6-1 

Code 21 

I':', 

63S281 

PLE10P4 

F18P05 

Model 22A- 
Adapter 351 A-064 

SA4 

AM140-2 

Code 21 

DA No. 3 Pinout I E 
Switch Pos. 0-6 

63S441 

PLE9P8 

F18P08 

Model 22A- 
Adapter 351 A-064 

SA6 

Code 21 

t 

63S481 

PLE9R8 

FEC P65 

Model 22A- 
Adapter 351 A-074 

SA31-2 

Code 21 

Pinout 1H 

Switch Pos. 5-14 

63RA481 

PLE11P4 

F18P06 

Model 22A- 
Adapter 351 A-064 

SA4-4 

AMI 40-3 

Code 21 

DA No. 3 Pinout 1L 
Switch 5-14 

63S841 

PLE10R8 

F18P86 

Model 22A- 
Adapter 351 A-074 
(300milpkg) 

t : 

Code 21 

DA No. 64t 

Switch Pos. 0-1 2 

63RS881 

PLE12P4 

F18P53 

Model 22A- 
Adapter 351 A-064 

SA20 

AM120-6 

Code 21 

DA No. 70 

Switch Pos. 4-1 2 

63S1641 

PLE11RA8 

PLE11RS8 

F18PA3 

t ^ 

Code 21 

DA No. 64 

63RA1681 

63RS1681 

PLE11P8 

F18P21 

SA5-4 

AMI 00-5 “ 

Code 21 

DA No. 7 

63S1681 

PLE12P8 

F18P63 

t 

Code 21 

DA No. 64 Pinout 47 
Switch Pos. 0-4 

63S3281 


f Contact manufacturer for availability and programming information. 
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The PAL® Device Concept 

Monolithic Memories’ family of PAL devices gives designers 
a powerful tool with unique capabilities for use in new and 
existing logic designs. The PAL device saves time and 
money by solving many of the system partitioning and 
interface problems brought about by increases in semi- 
conductor device technology 

Rapid advances in large scale integration technology 
.have led to larger and larger standard logic functions; 
single I.C.s now perform functions that formerly required 
complete circuit cards. While LSI offers many advan- 
tages, advances have been made at the expense of 
device flexibility. Most LSI devices still require large 
numbers of SSI /MSI devices for interfacing with user 
systems. Designers are still forced to turn to random 
logic for many applications. 


The designer is confronted with another problem when a 
product is designed. Often the function is well defined and 
could derive significant benefits from fabrication as an 
integrated circuit. However, the design cycle for a custom 
circuit is long and the costs can be very high. This makes 
the risk significant enough to deter most users. The tech- 
nology to support maximum flexibility combined with fast 
turnaround on custom logic has simply not been available. 
Monolithic Memories offers the programmable solution. 

The PAL device family offers a fresh approach to using 
fuse programmable logic. PAL circuits are a conceptually 
unified group of devices which combine programmable 
flexibility with high speed and an extensive selection of 
interface options. PAL devices can lower inventory, cut 
design cycles and provide high complexity with maxi- 
mum flexibility. These features, combined with lower 
package count and high reliability, truiy make the PAL 
device a circuit designer’s best friend. 
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The PAL Device-^Teaching Did 
PROMs New IVicks 



Monolithic Memories developed the modern PROM and intro- 
I duced many of the architectures and techniques now regarded 
i as industry standards. As the world’s largest PROM manufac- 
! turer, Monolithic Memories has the proven technology and high 
i volume production capability required to manufacture and sup- 
! port the PAL device. 

The PAL device is an extension of the fusible link technology 
! pioneered by Monolithic Memories for use in bipolar PROMs, 
i The fusible link PROM first gave the digital systems designer the 
power to “write on silicon”. In a few seconds he was able to 
transform a blank PROM from a general purpose device into one 
containing a custom algorithm, microprogram, or Boolean 
transfer function. This opened up new horizons for the use of 
PROMs in computer control stores, character generators, data 
storage tables and many other applications. The wide accep- 
tance of this technology is clearly demonstrated by today’s 
j multi-million dollar PROM market. 

j The key to the PROM’s success is that it allows the designer to 
I customize the chip quickly and easily to fit his unique require- 
ments. The PAL device extends this programmable flexibility by 
utilizing proven fusible link technology to implement logic 
functions. By using PAL circuits the designer can quickly and 
effectively implement custom logic varying in complexity from 
randorh gates to complex arithmetic functions. 

AMDs and ORs 

The PAL device implements the familiar sum-of-products logic 
by using a programmable AND array whose output terms feed a 
fixed OR array. Since the sum^of-products form can express any 
1 Boolean transfer function, the PAL circuit uses are only limited 
by the number of terms available in the AND - OR arrays. PAL 
i devices come in different sizes to allow for effective logic 
i optimization. 


Figure 1 shows the basic PAL device structure for a two-input, 
one-output logic segment. The general logic equation for this 
segment is: 

Output = (li+fi)(l‘|+f2)(l2“''b)(*2+U) 

where the “f” terms represent the state of the fusible links in the 
PAL device AND array. An unblown link represents a logic 1. 
Thus: 

fuse blown, f = 0 
fuse intact, f = 1 


An unprogrammed PAL device has all fuses intact. 



PAL Device Notation 

Logic equations, while convenient for small functions, rapidly 
become cumbersome in large systems. To reduce possible con- 
fusion, complex logic networks are generally defined by logic 
diagrams and truth tables. Figure 2 shows the logic convention 
adopted to keep PAL device logic easy to understand and use, in 
the figure, an “x” represents an intact fuse used to perform the 
logic AND function. (Note: the input terms on the common line 
with the x’s are not connected together.) The logic symbology 
shown in Figure 2 has been informally adopted by Integrated 
circuit manufacturers because It clearly establishes a one-to- 
one correspondence between the chip layout and the logic 
diagram. It also allows the logic diagram and truth table to be 
combined into a compact and easy to read form, thereby serving 
as a convenient shorthand for PAL circuits. The two-input, one- 
output example from Figure 1, redrawn using the new logic 
convention, is shown in Figure 3. 
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A B G 



Figure 3 


As a simple PAL device example, consider the implementation of 
the transfer function: 

Output = I 1 I 2 + I 1 I 2 

The normal combinatorial logic diagram for this function is 
shown in Figure4, with the PALdevice logic equivalent shown In 
Figures. 



Figure 4 


PROM 

16 Words X 4 Bits 



Figure 6 



Figure 5 


Using this logic convention it is now possible to compare the 
PAL device structure to the structure of the more familiar PROM 
and PLA. The basic logic structure of a PROM consists of a fixed 
AND array whose outputs feed a programmable OR array (Fig- 
ure 6). PROMs are low-cost, easy to program, and available in a 
variety of sizes and organizations. They are most commonly 


used to store computer programs and data. In these applications 
the fixed input is a computer memory address: the output is the 
contents of that memory location. 


The basic logic structureof the PLA consists of a programmable 
AND array whose outputs feed a programmable OR array 
(Figure 7). Since the designer has complete control over all 
inputs and outputs, the PLA provides the ultimate flexibility for 
implementing logic functions. They are used in a wide variety of 
applications. However, this generality can make PLAs expen- 
sive, quite formidable to understand, and costly to program. 


The basic logic structure of the PAL device, as mentioned earlier, 
consists of a programmable AND array whose outputs feed a 
fixed OR array (Figure 8). The PAL device combines much of the 
flexibility of the PLA with the low cost and easy programmability 
of the PROM. Table 1 summarizes the characteristics of the 
PROM, PLA, and PAL device logic families. 
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FPLA 
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Figure 7 


PAL Device Circuite For Every Task 

The members of the PAL device family and their characteristics 
are summarized in the PAL device menu. They are designed to 
cover the spectrum of logic functions at reduced cost and lower 
package count. This allows the designer to select the PAL device 
that best fits his application. PAL device units come in the 
following basic configurations; 


PAL Device 

4 ln»4 Out •I 6 Products 



PAL device logic arrays are available in sizes from 6x16 (6 input 
terms, 1 6 output terms) to 64x32, with both active high and active 
low output configurations available (ref. PAL device menu). This 
wide variety of input/output formats allows the PAL device to 
replace many different sized blocks of combinatorial logic with 
single packages. 



AND 

OR 

OUTPUT OPTIONS 

PROM 

Fixed 

Prog 

TS,OC 

FPLA 

Prog 

Prog 

TS, OC, Prog. Polarity 

FPGA 

Prog 

None 

TSi OC, Prog. Polarity 

FPLS 

Prog 

Prog 

TS, Registered Feedback, I/O 

PAL Device 

Prog 

Fixed 

TS, Registered Feedback, I/O 
Prog. Polarity 


Logic Arrays 
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INPUTS AND OUTPUTS 





also fed back into the PAL device array as an input. Thus the PAL 
device drives the I/O pin when the three-state gate is enabled; 
the I/O pin is an input to the PAL device array when the 
three-state gate is disabled. This feature can be used to allocate 
available pins for I/O functions of to provide bi-directional out- 
put pins for operations such as shifting and rotating serial data. 

INPUTS, FEEDBACK AND I/O 



Registered Outputs with Feedback 

Another feature of the high end members of the PAL device 
family is registered data outputs with registered feedback. Each 
product term is stored into a D-type output flip-flop on the rising 
edge of the system clock (Figure 11). The Q output of the 
flip-flop can then be gated to the output pin by enabling the 
active low three-state buffer. 


In addition to being available for transmission, the Q output is 
fed back into the PAL device array asi an input term. This feed- 
back allows the PAL device to “remember” the previous state, and 
it can alter its function based upon that state. This allows the 
designer to configure the PAL device as a state sequencer which 
can be programmed to execute such elementary functions as 
count up, count down, skip, shift, and branch. These functions 
can be executed by the registered PAL device at rates of up to 40 
MHz. 


Programmable I/O 

A feature of the high-end members of the PAL device family is 
programmable input/output. This allows the product terms to 
directly control the outputs of the PAL device (Figure 10). One 
product term is used to enable the three-state buffer, which in 
turn gates the summation term to the output pin. The output is 


INPUTS, FEEDBACK AND I/O 



Figure 11 


XOR PAL Devices 

These PAL devices feature an exclusive-OR (XOR) function. The 
sum of products is segmented into two sums which are then 
exclusive ORed at the input of the D-type flip-flop (Figure 12). All 


of the features of the Registered PAL devices are included in the 
XOR PAL unit. The XOR function provides an easy implementa- 
tion of the HOLD operation used in counters and other state 
sequencers. 


INPUTS, FEEDBACK AND I/O 
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Arithmetic Gated Feedback 

The arithmetic functions (add, subtract, greater than, and less 
than) are implemented by addition of gated feedback to the 
features of the XOR PAL device. The XOR at the input of the 
D-type flip-flop allows carrys from previous operations to be 
XORed with two variable sums generated by the PAL device 
array. The flip-flop Q output is fed back to be gated with input 


terms A (Figure 1 3). This gated feedback provides any one of the 
sixteen possible Boolean combinations which are mapped In the 
Karnaugh map (Figure 15). Figure 14shows how the PAL device 
array can be programmed to perform these sixteen operations. 
These features provide for versatile operations on two variables 
and facilitate the parallel generation of carrys necessary for fast 
arithmetic operations. 





PAL Device IntroHuctibh 


Programmable Output Polarity 

The outputs can be programmed either active-low or active- 
high. This is represented by the exclusive^or gates shown in 
Figure 1 3, PAL2dRA1 0 Logic Diagram. When the output polarity 
fuse is blown, the lower input to the exclusive-Or gate is high, so 
the output is active-high. Similarly, when the output polarity fuse 
is intact, the output is active-low. The programmable output 
polarity feature allows the user a higher degree of flexibility 
when writing equations. 

Programmable Clock 

One of the product lines in each group is connected to the clock. 
This provides the user with the additional flexibility of a pro- 
grammable clock, so each output can be clocked independently 
of all the others. (See Figure 16) 


Programmable Set and Reset 

Two product lines are dedicated to asynchronous set and reset. 
If the set product line is high, the register output becomesa logic 
1 . If the reset product line is high, the register output becomes a 
logic 0. The operation of the programmable set and reset over- 
rides the clock. (See Figure 16) 

Indiyidually Programmable 
Register Bypass 

If both the set and reset product lines are high, the sum-of- 
products bypasses the register and appears immediately at the 
output, thus making the output combinatorial. This allows each 
output to be configured In the registered or combinatorial mode. 
(See Figure 16) 
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Figure 16 


exclusive, a product term can be used by only one output, not 
both. If equations call for an output pair to use the same product 
term, two product terms are generated, one for each output. This 
should be taken into account when writing equations. PAL 
assemblers configure product terms automatically. 



Product Term Sharing 

The basic configuration is sixteen product terms shared between 
two output cells. For a typical output pair, each product term can 
be used by either output; but, since product term sharing is 
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PAL Device Part Numbers 

The PAL device part number is unique in that the part number 
code also defines the part’s logic operation. The PAL device 
numbering system is shown in Figure 17. For example, a PAL 
14L4CN would be a 14-Input term, 4-output term, active-low PAL 
device with a commercial temperature range packaged in a 
20-pin plastic DIR 

The electronic dice game is simply constructed using a free 
running oscillator whose output is used to drive two asyn- 


chronous modulo six counters. When the user “rolls” the dice 
(presses a button), the current state of the counters is decoded 
and latched into a display resembling the pattern seen on an 
ordinary pair of dice. 

A conventional logic diagram for the dice game is shown in 
Figure 16. It is implemented using standard TTL, SSI and MSI 
parts, with a total I .C. count of eight: six quad gate packages and 
two quad D-latches. Looks like a nice clean logic design, right? 
Wrong!! 



Figure 16 
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PAL20L8A-2 M J SHRP P01234 


PAL f Programmable — • 

Family 

HAL = Hard Array 
Family 

NUMBER OF — -J 

ARRAY INPUTS 

OUTPUT TYPE 

H = Active High 

L = Active Low 

C = Complementary 

P = Programmable 

R = Registered 

RA = Registered Asynchronous 

S = Shared 

X = Exclusive OR Registered 
A = Arithmetic Registered 

NUMBER OF OUTPUTS 

SPEED/POWER 

A = High Speed 
-2 = 1/2 Power 
-4 = 1/4 Power 



- BIT PATTERN NUMBER 

-OPTIONAL PROCESSING 
SHRP = Commercial 

Reliability Enhanced 
XXXX = Hi-Rel 

-PACKAGE 

N = Plastic Dip 
J = Ceramic Dip 
F = Flat Pack 
NL = Plastic Leadless 
Chip Carrier 

NS = Plastic SKINNYDiP 
JS = Ceramic SKiNNYDIP 
L = Leadless 
Chip Carrier 
P = Pin Grid Array 

TEMPERATURE CODE 
C = Commercial 
M = Military 


A-2 = High Speed and 1/2 Power 
A-4 = High Speed and 1/4 Power 


A PAL Device Example 

As an example of how the PAL device enables the designer to 
reduce costs and simplify logic design, consider the design of a 
simple, high-volume consumer product: an electronic dice 
game. This type of product will be produced in extremely high 
volume, so It is essential that every possible production cost be 
minimized. 

PAL Device Gees to the Casino 

A brief examination of Figure 16 reveals two basic facts: first, the 
circuit contains mostly simple, combinatorial logic, and second, 
it uses a clocked state transition sequence. Remembering that 
the PAL device family contains ample provision for these fea- 
tures, the PAL device catalog is consulted. The PAL16R8 has all 
the required functions, and the entire logic content of the circuit 
can be programmed into a single PAL device shown in Figure 19. 

In this example, the PAL device effected an eighHo-one package 
count reduction and a significant cost savings. This is typical of 
the power and cost-effective performance that the PAL device 


family brings to logic design. 


PAL Device Logic Symbols 

The logic symbois foreach of the individual PAL devices gives a 
concise functional description of the PAL device logic function. 
This symbol makes a convenient reference when selecting the 
PAL device that best fits a specific application. Figure 18 shows 
the logic symbol for a PALI 0H8 array. 
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Advantages of Using PAL Devices 



The PAL device has a unique place in the world of logic 
design. Not only does it offer many advantages over conven- 
tional logic, it also provides many features not found any- 
where else. Among the benefits of the PAL device family; 

• Programmable replacement for conventional TTL logic. 

• Reduces 1C inventories substantially and simplifies their 
control. 

• Reduces chip count by at least 4 to 1 . 

• Expedites and simplifies prototyping and board layout. 

• Saves space with 20-pin and 24-pin SKINNYDIP packages, 
and surface-mount PLCC packages. 

• High speed: 15 ns maximum propagation delay, on B series. 

• Programmed on standard PROM programmers. 

• Programmable three-state outputs. 

• Special feature eliminates possibility of copying by 
competitors. 

All of these features combine together to lower product devel- 
opment costs and increase product cost effectiveness. The 
bottom line is that PAL devices save money. 

Direct Logic Replacement 



In both new and existing designs, the PAL device can be used to 
replace various logic functions. This allows the designer to 
optimize a circuit in many ways never before possible. The PAL 
device is particularly effective when used to provide interfaces 
required by many LSI functions. The combination of PAL device 
flexibility and LSI function density makes a powerful team. 


Design Flexibility 

The PAL device offers the systems logic designer a whole new 
world of options. Until now, the decision on logic system imple- 
mentation was usually between SSI/MSI logic functions on one 
hand and microprocessors on the other. In many cases the func- 
tion required is too awkward to implement the first way and too 
simple to justify the second. Now the PAL device offers the 
designer high functional density, high speed, and low cost. Even 
better, PAL devices come in a variety of sizes and functions, 
thereby further increasing the designer’s options. 


Space Efficiency 



By allowing designers to replace many simple logic functions 
with single packages, the PAL device allows more compact PC. 
board layouts. The PAL device space-saving 20-pin and 24-pin 
SKINNYDIP packages help to reduce board area further while 
simplifying board layout and fabrication, this means that many 
multi-card systems can now be reduced to one or two cards, and 
that can make the difference between a profitable success or an 
expensive disaster. 


Smaller Inventory 

The PAL device family can be 
used to replace up to 90% of 
the conventional TTL family. 
This considerably lowers both 
shelving and inventory catalog- 
ing requirements. In addition, 
small custom modifications to 
the standard functions are 
easy for PAL device users, but 
not so easy for standard TTL 
users. 
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High Speed 



The PAL device family runs faster than or equal to the best of 
bipolar logic circuits. This makes the PAL device the ideal choice 
for most logical operations or control sequence which requires a 
medium complexity and high speed. Also, in many microcom- 
puter systems, the PAL device can be used to handle high-speed 
data interfaces that are not feasible for the microprocessor 
alone. This can be used to significantly extend the capabilities of 
the low-cost, low-speed NMOS microprocessors into areas for- 
merly requiring high-cost bipolar microprocessors. 

Easy Programming 

The members of the PAL device family can be quickly and easily 
programmed using standard PROM programmers. This allows 
designers to use PAL devices with a minimum investment in 
special equipment. Many types of programmable logic, such as 
the FPLA, require an expensive, dedicated programmer. 


Secure Data 



The PAL device verification logic can be completely disabled by 
blowing out a special “last link”. This prevents the unauthorized 
copying of valuable data, and makes the PAL device perfect for 
use in any application where data integrity must be carefully 
guarded. 

Summary 

The PAL device family of logic devices offers logic designers 
new options in the implementation of sequential and combina- 
torial logic designs. The family is fast, compact, flexible, and 
easy to use In both new and existing designs. It promises to 
reduce costs in most areas of design and production with a 
corresponding increase in product profitability. 


A Great Performer/ 







PAL Device Introduction 









PAL® (Programmable Array Logic) Devices 
HAL® (Hard Array Logic) Devices 


Features/Benefits 

• Reduces SSI/MSI chip count greater than 5 to 1 

• Saves space with SKINNYDIP® packages 

• Reduces IC inventories substantiaily 

• Expedites and simpiifies prototyping and board iayout 

• PALASM®2 silicon compiler provides easy design entry 

• Security fuse reduces possibility of copying by competitors 


Description 

The PAL device family utilizes an advanced Schottky TTL 
process and the Bipolar PROM fusible link technology to 
provide user-programmable logic for replacing conventional 
SSI/MSI gates and flip-flops at reduced chip count. 

The HAL device family utilizes standard Low-Power Schottky 
I TTL process and automated mask pattern generation directly 
i from logic equations to provide a semi-custom gate array for 
I replacing conventional SSI/MSI gates and flip-flops at reduced 
i chip count. 

I The PAL device lets the systems engineer “design his own chip” 
I by blowing fusible links to configure AND and OR gates to 
! perform his desired logic function. Complex Interconnections 
i which previously required time-consuming layout are thus 
“lifted” from PC board etch and placed on sil icon where they can 
be easily modified during prototype check-out or production. 

The PAL/HAL device transfer function is the familiar sum of 
products. Like the PROM, the PAL device has a single array of 
fusible links. Unlike the PROM, the PAL device is a program- 
mable AND array driving a fixed OR array (the PROM is a fixed 
j AND array driving a programmable OR array). 


In addition the PAL/HAL device provides these options: 

• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

• Arithmetic capability 

• Exciusive-OR gates 

Unused input pins should be tied directly to Vqc or GND. 
Product terms with all fuses blown assume the logical high state, 
and product terms connected to both true and complement of 
any single input assume the logical low state. Registers consist 
of D-type flip-flops which are loaded on the low-to-high 
transition of the clock. PAL/HAL device Logic Diagrams are 
shown with all fuses blown, enabling the designer to use the 
diagrams as coding sheets. PALASM software automatically 
generates a similar diagram, called the fuse plot. 

The entire PAL device family is programmed using inexpensive 
conventional PROM programmers with appropriate personality 
and socket adapter cards. Once the PAL device is programmed 
and verified, two additonal fuses may be blown to defeat 
verification. This feature gives the user a proprietary circuit 
which is very difficult to copy. 

To design a HAL, the user first programs and debugs a PAL 
device using PALASM and the “PAL DEVICE DESIGN 
SPECIFICATION” standard format. This specification is sub- 
mitted to Monolithic Memories where it is computer-processed 
and assigned a bit pattern number, e.g., H01234. 

Monolithic Memories will provide a PAL device sample for 
customer qualification. The user then submits a purchase order 
for a HAL of the specified bit pattern number, e.g., HAL18L4 
H01234. Fordetails on ordering HAL devices, please refer to the 
brochure, ProPAL, HAL, and ZHAL Devices: The Logical 
Solutions for Volume Programmable Logic, available from 
Monolithic Memories. 


PAL" (Programmable Array Logic), PALASM*, HAL* and SKINNYDIP" 
are registered trademarks of Monolithic Memories. 

HMSr“ is a trademark of Monolithic Memories. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX; 910-338-2374 
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Register Bypass (MegaPAL Devices) 

Outputs within a bank must either be all registered or all com- 
binatorial. Whether or not a bank of registers is bypassed 
depends on how the outputs are defined in the equations. A 
colon followed by an equal sign [:-] specifies a registered output 
with feedback which is updated after the low-to-high transition of 
the clock. An equal sign [=] defines a combinatorial output 
which bypasses the register. Reg isters are bypassed in banks of 
eight. Bypassing a bank of registers eliminates the feedback 
lines for those outputs. 


Output Polarity 

Output polarity is defined by comparison of the pin list and the 
equations. If the logic sense of a specific output in the pin list is 
different from the logic sense of that output as defined by its 
equation, the output is inverted or active low polarity. If the logic 
sense of a specific output in the pin list is the same as the logic 
sense of that output as defined by its equation, the output is 
active high polarity. Note that the P, RA, RS, and MegaPAL 
devices have programmable Output polarity. 


TTL'Level Preload Features 
(RA, MegaPAL Devices) 

Preload pins have been added to enable the testability of each 
state in state-machine design. Typically, for a modulo-n counter 
or a state machine there are many unreachable states for the 
registers. These states, and the logic which controls them are 
untestable without a way to “set-in" the desired starting state of 
the registers. In addition, long test sequences are sometimes 
needed to test a state machine simply to reach those starting 
states which are legal. Since complete logic verification is 
needed to ensure the proper exit from “illegar’ or unused states, 
a way to enter these states must be provided. The ability to pre- 
load a given bank of registers is provided in this device. 

To use the preload feature, several steps must be followed. First, 
a high level on an assertive-low output enable pin disables the 
outputs for that bank of registers. Next, the data to be loaded is 
presented at the output pins. This data is then loaded Into the 
register by placing a low level on the PRELOAD pin. PRELOAD 
is asynchronous with respect to the clock. 



Product Term Sharing 
(RS, MegaPAL Devices) 

The basic configuration is sixteen product terms shared between 
two output cells. For a typical output pair, each product term 
can be used by either output; but, since product term sharing is 
exclusive, a product term can be used by only one output, not 
bpth. If equations call for an output pair to use the same product 
term, two product terms are generated, one for each output. This 
should be taken into account when writing equations. PAL 
device assemblers configure product terms automatically. 


Product Term Editing 

A unique feature of product term sharing Js the ability to edit the 
design after the device has been programmed. Without this 
feature, a new PAL device had to be programmed if the user 
needed to change his design. Product term editing allows the 
user to delete an unwanted product term and reprogram a 
previously unused product term to the desired fuse pattern. This 
feature is made possible by the product term sharing architec- 
ture. Since each product term can be routed to either output in a 
given pair by selecting one of two steering fuses. It is possible to 
blow both of the steering fuses thereby completely disabling that 
product term. Once disabled, that product term is powered 
down, saving typically 0.25 mA. The desired change may now be 
programmed into one of the previously unused product terms 
corresponding to that output pair. Additional edits can be made 
as long as there are unused product terms for the output in 
question. 


OUTPUTS 




Programmable Set and Reset 
(RA Family only) 

In each SMAC, two product lines are dedicated to asynchronous 
set and reset. If the set product line is high, the register output 
becomes a logld. If the reset product line is high, the register 
output becomes a logic 0. The operation of the programmable 
set and reset overrides the clock. Note that set and reset are in 
reference to the register, independent of polarity. 


Individually Programmable 
Register Bypass (RA Famiiy oniy) 

If both the set and reset product lines are high, the sum-of- 
products bypasses the register and appears immediately at the 
output, thus making the output com.binatorial. This allows each 
output to be configured in the registered or combinatorial mode. 


PRESET Feature (PAL64R32 only) 

Register banks of eight may be PRESET to all highs on the out- 
puts by setting the PRESET pin (PS) to a Low level. Note from the 
Logic Diagram that when the state of an output is High, the state 
of the register is Low due to the inverting tri-state buffer. 


Programmable Clock 
(RA Family only) 

One of the product lines in each group is connected to the clock. 
This provides the user with the additional flexibility of a pro- 
grammable clock, so each output can be clocked independently 
of all the others. 


5-18 


MonolHhlo 


EH 


Memories 







Monolithic Memories PAL® Device Menu 





DESCRIPTION 

MAXIMUM 

FAMILY 

PART NUMBER 

PACKAGE 

INPUTS 

OUTPUTS 

tpD* 

Ice 










COMBINATORIAL 

REGISTERED 

ns 

mA 


PAL10H8 


10 

8 

— 

35 



PAL12H6 


12 

6 

— 

35 



PAL14H4 


14 

4 

— 

35 


Small 20 
Combinatorial 

PAL16H2 

PAL16C1 

PAL10L8 

20N, J, NL, 

F, L 

16 

16 

10 

2 

2 

8 

- 

35 

40 

35 

90 


PAL12L6 


12 

6 

— 

35 



PAL14L4 


14 

4 

— 

35 



PAL16L2 


16 

2 

— 

35 



PAL10H8-2 


10 

8 

— 




PAL12H6-2 


12 

6 

— 




PAL14H4-2 


14 

4 

— 



Small 20-2 
Combinatorial 

PAL16H2-2 

PAL16C1-2 

PAL10L8-2 

20N, J, NL, 

F, L 

16 

16 

10 

2 

2 

8 

- 

60 

45 


PAL12L6-2 


12 

6 





PAL14L4-2 


14 

4 

— 




PAL16L2-2 


16 

2 

— 




PAL16L8 


16 

8 




Medium 20 
Standard 

PAL16R8 

PAL16R6 

20N, J, NL 

16 

16 

2 

8 

6 

35 

180 


PAL16R4 


16 

4 

4 




PAL16L8A 


16 

8 

— 



Medium 20A 

PAL16R8A 

20N, J, NL, 

16 

— 

8 

25 

180 

Standard 

PAL16R6A 

W, L 

16 

2 

6 


PAL16R4A 


16 

4 

4 




PAL16L8A-2 


16 

8 

— . 



Medium 20A-2 

PAL16R8A-2 

20N, J, NL, 

16 

— 

8 

35 

90 

Standard 

PAL16R6A-2 

F, L 

16 

2 

6 


PAL16R4A-2 


16 

4 

4 




PAL16L8A-4 


16 

8 




Medium 20A-4 

PAL16R8A-4 

20N, J, NL, 

16 

— , ■ 

8 

55 

50 

Standard 

PAL16R6A-4 

F, L 

16 

2 

6 


PAL16R4A-4 


16 

4 

4 




PAL16L8B 


16 

8 

_ 



Medium 20B 

PAL16R8B 

20N, J, NL, 

16 

— 

8 

15 

180 

Standard 

PAL16R6B 

W, L 

16 

2 

6 


PAL16R4B 


16 

4 

4 




PAL16L8B-2 


16 

8 

_ 



Medium 20B-2 

PAL16R8B-2 

20N, J, NL, 

16 

— 

8 

25 

90 

Standard 

PAL16R6B-2 

W, L 

16 

2 

6 


PAL16R4B-2 


16 

4 

4 




PAL16L8B-4 


16 

8 

— 



Medium 20B-4 

PAL16R8B-4 

20N, J, NL, 

16 

— 

8 

35 

55 

Standard 

PAL16R6B-4 

W, L 

16 

2 

6 


PAL16R4B-4 


16 

4 

4 



Medium 20AP 
Programmable 
Polarity 

PAL16P8A 

PAL16RP8A 

PAL16RP6A 

20N, J, NL 

16 

16 

16 

8 

2 

8 

6 

25/30** 

180 

PAL16RP4A 


16 

4 

4 



Large 20 

PALI 6X4 

20N, J, NL, 

16 

- 4 ... . . 

4 

40 

225 

Arithmetic 

PAL16A4 

F,L 

16 

4 

4 

240 

Large 20RA 
Asynchronous 

PAL16RA8 

20N, J, NL 

16 

- 

8 

30/35** 

170 


* Minimum commercial tgu for devices with all registered outputs. N = Plastic DIP 

** Polarity fuse programmed (active High). NS = Plastic SKINNYDIP 

J = Ceramic DIP 
JS = Ceramic SKINNYDIP 


NL = Plastic Leaded Chip Carrier (PLCC) 
P = Pin Grid Array 
L = Leadless Chip Carrier (LCC) 

W = Cerpack 

F= Ceramic Solder Seal Flat Pack 
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DESCRIPTION 

MAXIMUM 

FAMILY 

PART NUMBER 

PACKAGE 

INPUTS 

OUTPUTS 

‘PD* 

Ice 










COMBINATORIAL 

REGISTERED 

ns 

mA 


PAL12L10 


10 

10 

- 




PAL14L8 


14 

8 

— 



Small 24 

PAL16L6 

24NS, JS, W, 

16 

6 

— 

40 

100 

Combinatorial 

PAL18L4 

28NL, 28L 

18 

4 

— ■ 


PAL20L2 


20 

2 

— 




PAL20C1 


20 

2 

— 



Small 24A 

PAL6L16A 

24NS,JS, 

6 

16 

— 

25 

90 

Decoder 

PAL8L14A 

28NL 

8 

14 

— 


PAL20L8A 


20 

8 

— 



Medium 24A 

PAL20R8A 

24NS, JS, W. 

20 


8 

25 

210 

Standard 

PAL20R6A 

28NL, 28L 

20 

2 

6 


PAL20R4A 


20 

4 

4 




PAL20L8A-2 


20 

8 

. — 



Medium 24A-2 

PAL20R8A-2 

24NS, JS, W, 

20 

— 

8 

35 

105 

Standard 

PAL20R6A-2 

28NL,28L 

20 

2 

6 


PAL20R4A-2 


20 

4 

4 




PAL20L8B 


20 

8 




Medium 24B 

PAL20R8B 

24NS, JS, W, 

20 

— 

8 

15 

210 

Standard 

PAL20R6B 

28NL, 28L 

20 

2 

6 


PAL20R4B 


20 

4 

4 




PAL20L10 


20 

10 

■' — ' ' 


165 

Medium 24X 

PAL20X10 

24NS. JS. W, 

20 

— 

10 

50 

180 

Exclusive OR 

RAL20X8 

28NL,28L 

20 

2 

8 

180 


PAL20X4 


20 

4 

■4 ■ • 


180 


PAL20L10A 


20 

10 



165 

Medium 24XA 

PAL20X10A 

24NS, JS, W, 

20 

— ' ^ 

10 

30 

180 

Exclusive OR 

PAL20X8A 

28NL, 28L 

20 

2 

8 

180 


PAL20X4A 


20 


4 


180 

Large 24RS 
Shared 

Product Terms 

PAL20S10 


20 

10 


35/40** 

240 

PAL20RS10 

24NS, JS, W, 

20 


10 

35 

240 

PAL20RS8 

PAL20RS4 

28NL,28L 

20 

20 

2 

6 

8 

4 

35/40** 

35/40** 

240 

240 

Large 24RA 
Asynchronous 

PAL20RA10 

24NS, JS, W, 
28NL, 28L 

20 

- 

10 

30/35** 

200 


PAL Circuit Series MegaPAL™ 





description 

MAXIMUM 

FAMILY 

PART NUMBER 

PACKAGE 

INPUTS 

REGISTERED OUTPUTS 

‘PD* 

ns 

•cc 

mA 

1500 Gates 

PAL32R16 

40N, J, 44NL, 44L 

32 

16 

40/45** 

280 

5000 Gates 

PAL64R32 

88P.84L 

64 

32 

50/55** 

640 


* Minimum commercial tgy for devices with all registered outputs. 
** Polarity fuse programmed (active High). 
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fMAX Parameters 

The parameter fjy/iAx the maximum speed at which the PAL 
device is guaranteed to operate. Because flexibility inherent to 
PAL devices allows a choice of clocked flip-flop designs, for the 
convenience of the user, f|^/^X the B-speed devices is 
specified to address two major classes of synchronous designs. 

The simplest type of synchronous design can be described as a 
data path application. In this case, data is presented to the data 
terminal of the flip-flop and clocked through; no feedback is 


employed (Figure 1). Under these conditions, the frequency of 
operation is limited by the greater of the data setup time (tsu) or 
the mlnimurn clock period (tyy high + tw low). This parameter Is 
designated fMAX (00 feedback). 

For synchronous sequential designs, i.e., state machines, where 
logical feedback is required, inputs to flip-flop data terminals 
originate from the device Input pins or flip-flop outputs via the 
Internal feeback paths (Figure 2). Under these conditions, fMAX 
is defined as the reciprocal of (tsu ^CLK) ^od is designated 

fMAX (^oocl back). 




Monolithic uUIUl Memories 


5-21 




20-Pin PAL/HAL Devices 




16R8/B/B-2/B-4 

16R6/B/B-2/B-4 

16R4/B/B-2/B-4 



A/A-2/A-4 

A/A-2/A-4 

A/A-2/A-4 

16X4 

16A4 
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20-Pin PAL/HAL Devices 















20-Pin PAL/HAL Devices-PLCC 
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20-Pin PAL/HAL Devices-PLCC 



16RP6A 


16RP4A 


16X4 
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24-Pin RAL/HAL Devices 


20S10 


20RS10 


20RS8 


20RS4 

















24-Pin PAL/HAL Devices-PLCC 
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24-Pin PAL/HAt Devices-PLCC 
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standard PAL/HAL Devices Series 20 
10H8, 12H6, 14H4, 16H2, 16C1, 10L8, i2L6, 14L4, 16L2 


Operating Conditions 


SYMBOL 

PARAMETER 

MILiTARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 


< 

O 

o 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

Di 

Ta 

Operating free-aif temperature 

-55 

0 75 

Bi 

Tc 

Operating case temperature 

125 


Bi 


Electrica l Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

^ 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|c 

Input clamp voltage 

Vqq = MIN 

l| = -18mA 




-0.8 

-1.5 

V 

'IL 

Low-level input current 

Vcc = max 

V| = 0.4V 




-0.02 

-0.25 

mA 

l|H 

High-level input current 

Vcc = max 

V| = 2.4V 



25 

Hk 

l| 

Maximum input current 

Vcc " max 

V| = 5.5V 



1 

mA 

Vql 

Low-level output voltage 

Vcc ~ min 

MIL 

II 

O 

8mA 


0.3 

0.5 

V 



COM 

‘OL = 

8mA 



^OH 

High-level output voltage 

Vqc ~ min 

MIL 

'oh = 

-2mA 

2.4 

2.8 



COM 

•oh = 

-32mA 


V 

'os 

Output short-circuit current** 

< 

o 

o 

li 

tn 

< 


Vo = 

OV 

-30 

-70 

-130 

mA 

'cc 

Supply current 

Vcc " 


55 

90 

mA 


Switching Characteristics 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 



Input or feed- 
back to output 

Except 16C1 

R1 = 560n 

R2 = l.lkn 

25 45 


ns 

16C1 

25 45 

25 40 
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Standard Half Power Series 20-2 

10H8-2, 12H6-2, 14H4-2, 16H2-2, 16C1-2, 10L8-2, 12L6-2, 14L4-2, 16L2-2 


Operating Conditions 


SYMBOL 

PARAMETER 

MILiTARY 

MiN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 

°c 


Eiectricai Characteristics Over Operating Conditions 



PARAMETER 

TEST CONDITIONS 



V|L* 

Low-level input voltage 


0.8 

V 

X 

> 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc ~ l| = -18mA 

-0.8 -1.5 

V 

l|L 

Low-level input current 

Vcc = max Vj = 0.4V 

-0.02 -0.25 

mA 

l|H 

High-level input current 

Vcc = max V, = 2.4V 

25 

7/A 

l| 

Maximum input current 

Vcc = max V| = 5.5V 

1 

mA 

VOL 

Low-level output voltage 

Vcc = min 

Mil IqL = 4mA 

0.3 0.5 

V 

Com iOL " 4mA 


High-level output voltage 

Vcc = min 

Mil Iqh = -‘•'TiA 

2.4 2.8 

V 

Com Iqh ^ 

'os 

Output short-circuit current** 

Vcc = 5V Vq = OV 

-30 -70 -130 

mA 

o 

o 

Supply current 

Vcc ~ max 

30 AS 

mA 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST 

MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 

tpD 

Input or feedback to output 

R1 = 1.12kn 

R2 = 2.2ka 

45 80 

45 60 

ns 
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Standard PAL/HAL Devices Series 20 
16L8, 16R8, 16R6, 16R4, 16X4, 16A4 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 
16X4/A4 ONLY 
MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 

5 5.5 

4.75 

5 

5.25 

V 

tw 

Width of clock 

Low 

25 

10 

25 

10 


ns 

High 

25 

10 

25 

10 


tsu 

Set up time from 

16R8, 16R6, 16R4 

45 

25 

35 

25 


ns 

input or feedback to clock 

16X4, 16A4 

55 

30 

45 

30 


th 

Hold time 

0 

-15 

0 

-15 


ns 

Ta 

Operating free-air temperature 

-55 

0 


75 

°c 

TC 

Operating case temperature 

125 


°C 


Eiectricai Characteristics 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = min l| =-18mA 

-0.8 -1.5 

V 

l|Lt 

Low-level Input current 

Vcc = max V| =0.4V 

-0.02 -0.25 

mA 

IlHt 

High-level input current 

Vcc = max V| =2.4V 

25 

mA 

l| 

Maximum input current 

Vcc = max V| = 5.5 V 

1 

mA 

VOL 

Low-level output voltage 

Vcc = min 

Mil 16X4/A4 only Iql = 12 mA 

0.3 0.5 

V 

Com Iql = 24 mA 

VOH 

High-level output voltage 

Vcc = min 

Mil 16X4/A4 only Iqh = -2 mA 

2.4 2.8 

V 

Com Iqh = -3-2 mA 

'OZLt 

Off-state output current 

Vcc = max 

Vo =0.4V 

-100 

mA 

iQZHt 

Vo =2.4V 

100 

mA 

, ** 
los 

Output short-circuit current 

Vcc = 5V Vo =0V 

-30 -70 -130 

mA 

Ice 

Supply current 

Vcc = max 

16R4, 16R6, 16R8, 16L8 

120 180 

mA 

16X4 

160 225 

16A4 

170 240 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MILITARY 
16X4/A4 ONLY 
MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tPD 

Input or feed- 

16R6, 16R4, 16L8 




25 

35 

ns 

back to output 

16X4, 16A4 


30 

45 


30 

40 

tCLK 

Clock to output or feedback 


15 

25 


15 

25 

ns 

tpzx 

Pin 11 to output enable except 16L8 


15 

25 


15 

25 

ns 

tpxz 

Pin 11 to output disable except 16L8 

R1 = 200 n 

R2 = 390 a 

15 

25 


15 

25 

ns 

tpzx 

Input to 

16R6, 16R4, 16L8 

_ 1 


25 

35 

ns 

output enable 

16X4, 16A4 

30 

45 


30 

40 

tpxz 

Input to 

16R6, 16R4, 16L8 




25 

35 

ns 

output disable 

16X4, 16A4 


30 

45 


30 

40 

<MAX 

Maximum 

16R8, 16R6, 16R4 



16 

25 


MHz 

frequency 

16X4, 16A4 


12 22 

14 

22 
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Fast PAL/HAL Devices Series 20A 
1 6L8A, 1 6R8A, 1 6R6A, 1 6R4A 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 

5 

5.5 

4.75 

5 

5.25 

D 

'w 

Width of clock 

Low 

20 

10 


15 

10 



High 

20 

10 


15 

10 


^SU 

Set up time from 
input or feedback to clock 

16R8A, 16R6A, 16R4A 

30 

15 


25 

15 


ns 


Hold time 

0 

-10 


0 

-10 



Ta 

Operating free-air temperature 

-55 

0 


75 


Tc 

Operating case temperature 

125 


Bi 


Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

V|L* 

Low-level input voltage 


0 8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| = -18mA 



-0.8 

-1,5 

V 

l|L 

Low-level input current f 

vcc = max 

V| = 0.4V 



-0.02 

-0.25 

mA 

l|H 

High-level input current f 

Vqq = MAX 

V| = 2.4V 


25 

pA 

•l 

Maximum input current 

Vcc = max 

Vj = 5.5V 


1 

mA 

Vql 

Low-level output voltage 

Vcc = min 

Mil 

Iql = 12nnA 


0.3 

0.5 

V 


Com 

lOL = 24mA 



VoH 

High-level output voltage 

Vcc = min 

Mil 

Iqh = -2mA 

2.4 

2.8 


Vi 

Com 

lQI_j = —3.2mA 


V 

'OZL 

Off-state output current f 

Vcc = max 

i 

Vq - 0.4V 

-100 

/wA 

'OZH 

Vq = 2.4V 

100 

pA 

'os 

Output short-circuit current** 

Vcc = 5V 


Vq = OV 

-30 

-70 

-130 

mA 

'cc 

Supply current 

Vcc ~ max 


120 

180 

mA 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

^PD 

Input or feed- 
back to output 

16R6A, 16R4A, 16L8A 

, 

15 

30 


15 

25 

ns 

tCLK 

Clock to output or feedback 


10 

20 


10 

15 

ns 

¥zx 

Pin 1 1 to output enable except 16L8A 


10 

25 


10 

20 

ns 

'PXZ 

Pin 1 1 to output disable except 16L8A 

R-l = 200 n 

R2 = 390 H 

11 

25 


11 

20 

ns 

*PZX 

Input to 
output enable 

16R6A, 16R4A, 16L8A 

10 

30 


10 

25 

ns 

^PXZ 

Input to ' 
output disable 

16R6A, 16R4A, 16L8A 


13 

30 


13 

25 

ns 

^MAX 

Maximum 

frequency 

16R8A, 16R6A, 16R4A 


20 40 

28.5 

40 


MHz 


MiBnoinhlo^^ Memories 
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Half Power SMTles 20 A-2 
16L8A-2, 16R8A-2, 16R6A>2, 16R4A-2 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

tw 

Width of clock 

Low 

25 

10 


25 

10 


ns 

High 

25 

10 


25 

10 


^SU 

Set up time from 
input or feedback to clock 

16R6A-2 16R4A-2 16R8A-2 

50 

25 


35 

25 


ns 


Hold time 

0 

-15 


0 

-15 


ns 

Ta 

Operating free-air temperature 

-55 


125 

0 


75 



Eioctrica i Charactoristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 



V|L* 

Low-level input voltage 


08 

V 

* V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN l| = -18mA 

-0.8 -1.5 

V 

l|L 

Low-level input current f 

Vcc = max V| ^ 0.4V 

-0.02-0.25 

mA 

'iH 

High-level input current f 

Vcc = max V| = 2.4V 

25 



Maximum input current 

Vcc = *^AX V| = 5.5V 

1 

mA 

VqL 

Low-level output voltage 

Vcc = min 

Mil Iql = 12mA 

0.3 0.5 

V 

Com Iql " 24mA 

Vqh 

High-level output voltage 

Vcc = min 

Mil Iqh = -2mA 

2.4 2.8 

V 

Com IqH = -3.2mA 

'OZL 

Off-state output current f 

Vcc = max 

Vq = 0.4V 

-100 


•OZH 

Vq = 2.4V 

100 

/iA 

•os 

Output short-circuit current ♦♦ 

Vcc - 5V Vq - OV 

-30 -70 -130 

mA 

'cc 

Supply current 

Vcc = max 

60 90 

mA 


Switching Charactoristics over operating conations 



PARAMETER 

^ ^ 

TEST 

CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 


Input or feed- 
back to output 

16L8A-2 16R6A-2 16R4A-2 


25 

50 


25 

35 

ns 

•CLK 

Clock to output or feedback 


15 

25 


15 

25 

ns 

tpxz/zx 

Pin 11 to output disable/enable except 16L8A-2 

R^ = 200n 

15 

25 


15 

25 

ns 

‘PZX 

Input to 
output enable 

16L8A-2 16R6A-2 16R4A-2 

R2 ” 390ft 

25 

45 


25 

35 

ns 

<PXZ 

Input to 
output disable 

16L8A-2 16R6A-2 16R4A-2 


25 

45 


25 

35 

ns 

^MAX 

Maximum 

frequency 

16R8A-2 16R6A-2 16R4A-2 


14 25 

16 

25 


MHz 
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Quarter Power Seriee 20A-4 
16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4 


Operating Conditions 


SYMBOL 

PARAMETER 

MiLiTARY 

MIN TYP MAX 

COMMERCIAL 
MiN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.5 5 5.5 

4.76 5 5.25 

V 

tw 

Width of clock 

Low 

40 20 

30 20 

ns 

High 

40 20 

30 20 

^su 

Set up time from 

/ ^ 16R8A-4 16R6A-4 16R4A-4 

input or feedback to clock 

90 45 

60 45 

ns 


Hold time 

0 -15 

0 -15 

ns 

■£■1 

Operating free-air temperature 

-55 125 

0 75 

■ail 


Ei octricai Cha racteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

VqC = min 

l| = -18mA 



-0.8 

-1.5 


l|L 

Low-level input current f 

Vec = max 

V| = 0.4V 



-0.02 

-0.25 

mA 

l|H 

High-level input current f 

Vqq = MAX 

V, = 2.4V 


25 

^A 

h 

Maximum input current 

Vec = max 

V, = 5.5V 


1 

mA 

VOL 

Low-level output voltage 

Vqq = min 

Mil 

•OL " 4mA 


0.3 

0.5 

V 


Com 

Iql = 8mA 



VqH 

High-level output voltage 

Vqq = MIN 

Mil 

IqH = 

2.4 

2.8 



Com 

Iqh =-1mA 


V 

'OZL 

Off-state output currentf 

VcG = max 

Vq = 0.4V 

-100 

fjA 

'OZH 

Vq = 2.4V 

100 

jjA 

IqS 

Output short-circuit current** 

VeC = 5V 


Vo = ov 

-30 

-70 

-130 

mA 

Ice 

Supply current 

Vcc = MAX 


30 

50 

mA 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST 

MILITARY 

MIN TYP MAX 




Input or feed- 
back to output 

16R6A-4 16R4A-4 16L8A-4 

, 

Rl = 800ft 

R2 = 1.56kft 

35 75 

35 55 

ns 

'CLK 

Clock to output or feedback 

20 46 

20 35 

ns 

•pxz/zx 

Pin 11 tooutputdisable/enable— except 16L8A-4 

15 40 

15 30 

B9I 

•pzx 

Input to 

output enable 

16R6A-4 16R4A-4 16L8A-4 

30 65 

30 50 

Q 

•pxz 

Input to 

output disable 

16R6A-4 16R4A-4 16L8A-4 

30 65 

30 50 

ns 

^MAX 

Maximum 

frequency 

16R8A-4 16R6A-4 16R4A-4 

8 18 

1'1 18 
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PAL Series 20B Very High Speed Programmahie Array Logic 


Operating Conditions 


SYMBOL 

PARAMETER 

MiN 

COMMERCiAL 

TYP 

MAX 

UNiT 

Vcc 

Supply voltage 

4.75 

5 

5.25 

V 

*w 

Width of clock 

Low 

10 

6 


ns 

High 

10 

5 



Setup time from 


16R8B 

16R6B 

16 

10 


ns 

^su 

input or feedback to clock 

16R4B 





‘h 

Hold time 

0 

-10 


ns 

Ta 

Operating free-air temperature 

0 

25 

75 

°c 


Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|l‘ 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN l| =-18mA 

-0.8 -1.5 

V 

'iLt 

Low-level input current 

Vcc = MAX V| =0.4 V 

-0.02 -0.25 

mA 

l|Ht 

High-level input current 

Vcc = MAX V| =2.4V 

25 

mA 

l| 

Maximum input current 

Vcc = MAX V| =5.5V i 

1 

mA 

VoL 

Low-level output voltage 

Vqq = MIN 

'OL=24mA 

0.3 0.5 

V 

VoH 

High-level output voltage 

Vcc = MIN 

•oh ~ 

2.4 2.8 

V 

'OZLt 

Off-state output current 

Vcc = MAX 

Vq = 0.4 V 

-100 

mA 

'OZHt 

Vq = 2.4 V 

100 

fxA 

I hit 

'os 

Output short-circuit current 

Vcc=5V Vo =0V 

-30 -70 -130 

mA 

'cc 

Supply current 

Vcc = IWIAX 

120 180 

mA 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

16L8B, 16R4B, 16R6B input or feedback to output 



12 

15 

ns 

*CLK 

Clock to output or feedback except 1 6L8B 



8 

12 

ns 

‘PZX 

Pin 11 to output enable except 16L8B 

Commercial 


10 

15 

ns 

*PXZ 

Pin 11 to output disable except 16L8B 

Rl = 200 a 


10 

15 

ns 

<PZX 

Input to output enable 

16R6B, 16R4B, and 16L8B 

R 2 = 360 n 


12 

22 

ns 

*PXZ 

Input to output disable 

16R6B, 16R4B, and 16L8B 



12 

20 

ns 

^MAX 

16R8B, 16R6B, 16R4B 

Feedback 


37 

45 


MHz 

Maximum frequency 

No feedback 


50 

55 
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Half-Power Series 20B-2 1 6L8B-2, 1 6R8B-2, 1 6R6B-2, 1 6R4B-2 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.75 

5 

5.25 

V 

tw 

Width of clock 

Low 

15 

10 


ns 

High 

15 

10 


^su 

Setup time from 

input or feedback to clock 

16R8B-2 

16R6B-2 

16R4B-2 

25 



ns 

th 

Hold time 

0 

-10 


ns 

Ta 

Operating free-air temperature 

0 

25 

75 

°C 


Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vil‘ 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


■2 ' 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| = -18 mA 


-0.8 

-1.5 

V 

l|Lt 

Low-level input current 

Vqq = MAX 

V| =0.4V 


-0.02 

-0.25 

mA 

'iHt 

High-level input current 

Vcc = MAX 

V| =2.4V 

25 

mA 

l| 

Maximum input current 

Vcc = MAX 

V, =5.5V 

'1 ■ 

mA 

Vql 

Low-level output voltage 

Vqq = MIN 

•OL=24mA 


0.3 

0.5 

V 

Vqh 

High-level output voltage 

Vqq = MIN 

•oh ~ "5.2 mA 

2.4 

2.8 


V 

'OZLt 

Off-state output current 

Vqq = MAX 

Vq =0.4V 

-100 

^A 

'OZHt 

Vq =2.4V 

100 

mA 

1 ** 

•os 

Output short-circuit current 

Vcg = 5V 

> 

o 

II 

O 

> 

-30 

-100 

-250 

mA 

•cc 

Supply current 

Vqq = MAX 


60 

90 

mA 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

Input or feedback to output 16L8B-2, 16R4B-2, and 16R6B-2 

Commercial 

R^= 200n 

R2= 390n 

17 25 

ns 

*CLK 

Clock to output or feedback except 1 6L8B-2 

10 15 

ns 

‘PZX 

Pin 11 to output enable except 16L8B-2 

10 20 

ns 

¥xz 

Pin 11 to output disable except 16L8B-2 

11 20 

ns 

*PZX 

Input to output enable 16R6B-2, 16R4B-2, and 16L8B-2 

10 25 

ns 

¥xz 

Input to output disable 1 6R6B-2, 1 6R4B-2, and 1 6L8B-2 

13 25 

ns 

^MAX 1 

Maximum frequency 16R8B-2, 16R6B-2, and 16R4B-2 

28.5 40 

MHz 


MonoUthUs 


miHii 
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Quarter-Power S^ie8B>4 16L8B-4, 1 6R8B-4, 1 6R6B-4, 1 8R4B-4 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 

4.75 


5.25 

V 

»w 

Width of clock 

Low 

25 

10 


ns 

High 

25 

10 


Wu 

Setup time from 

input or feedback to clock 

16R8B-4 

16R6B-4 

16R4B-4 

35 

25 


ns 

‘h 

Hold time 

0 

-10 


ns 

Ta 

Operating free-air temperature 

0 

25 

75 

°G 


Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|Q 

Input plamp voltage 

Vqc = min 

l| = -18 mA 


-0.8 

-1.5 

V 

'iLt 

Low-level input current 

Vqq = MAX 

V| =0.4V 


-0.02 

-0.25 

mA 

l|Ht 

High-level input current 

Vqq = MAX 

V| = 2.4 V 

25 

M 

l| 

Maximum input current 

Vcc = max 

V| =5.5V 

1 

mA 

VqL 

Low-level output voltage 

Vcc = min 

IqI_ = 8 mA 


0.3 

0.5 

V 

VOH 

High-level output voltage 

Vcc = min 

Iqh = -1 mA 

2.4 

2.8 


V 

'ozut 

Off-state output current 

Vcc = max 

Vq =0.4V 

-100 

M 

'OZHt 

Vq =2.4V 

100 

mA 

, ** 

'os 

Output short-circuit current 

Vcc = 5V 

> 

o 

II 

-30 

-100 

-250 

mA 

'cc 

Supply current 

Vcc = max 


30 

55 

mA 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

Input or feedback to output 16L8B-4, 16R4B-4, and 16R6B-4 



25 

35 

ns 

*eLK 

Clock to output or feedback except 16L8B-4 



15 

25 

ns 

*PZX 

Pin 1 1 to output enable except 1 6L8B-4 

R| = 800 n 

R 2 = 1 . 56 Kn 


15 

25 

ns 

*PXZ 

Pin 11 to output disable except 16L8B-4 


15 

25 

ns 

*PZX 

Input to output enable 16R6B-4, 16R4B-4, and 16L8B-4 


25 

35 

ns 

*PXZ 

Input to output disable 16R6B-4, 16R4B-4, and 16L8B-4 



25 

35 

ns 

^MAX 

Maximum frequency 16R8B-4, 16R6B-4, and 16R4B-4 


16 

25 


MHz 
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PAL Devices Series 20PA with Programmabie Output Poiarity 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

COMMERCiAL 

TYP 

MAX 

UNiT 

Vcc 

Supply voltage 

4.75 

5 

5.25 

V 

tw 

Width of clock 

Low 

20 

14 


ns 

High 

10 

6 


tsu 

Setup time from input 

16RP8A 

16RP6A 

16RP4A 

Polarity fuse intact 

25 

15 



or feedback to clock 

Polarity fuse blown 

30 

20 



th 

Hold time 

0 

-10 


i 

ns 

ta 

Operating free-air temperature 

0 


75 

°C 

Tc 

Operating case temperature 


°c 


Eiectrioai Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYP MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = min l| =-18mA 

-0.8 -1.5 

V 

l|Lt 

Low-level input current 

Vcc = max V| =0.4V 

-0.02 -0.25 

mA 

l|Ht 

High-level input current 

Vcc = max V| =2.4V 

25 

mA 

'1 

Maximum input current 

Vcc= max V| -5.5 V 

A 

mA 

VOL 

Low-level output voltage 

Vcc = min Iql - 24 mA 

0.3 0.5 

V 

VOH 

High-level output voltage 

Vcc = min I 0 H = -3.2 mA 

2.4 2.8 

V 

iQZLt 

Off-state output current 

Vcc = MAX 

Vo =0.4V 

^100 

mA 

lOZHt 

Vo - 2.4 V 

i 100 

mA 

, ** 

'os 

Output short-circuit current 

VCC-5V Vo =0V 

[ -30 -70 -130 

i mA 

Ice 

Supply current 

Vcc = max 

120 180 

1 mA 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

COMMERCIAL 

TYP 

: 

MAX 

UNIT 

tPD 

Input or feedback 
to output 

16P8A, 16RP6A. 16RP4A 

Polarity fuse intact 



15 

25 

ns 

Polarity fuse blown 



20 

30 

tCLK 

Clock to output or feedback 



10 

15 

ns 

tpzx 

Pin 11 to output enable except 16P8A 



10 

20 

ns 

tpxz 

Pin 1 1 to output disable except 1 6P8A 

R1 = 200 a 

R 2 = 390 Ka 


11 

20 

ns 

tpzx 

Input to 
output enable 

16RP6A, 16RP4A, 
and16P8A 


10 

25 

ns 

tpxz 

Input to 
output disable 

16RP6A, 16RP4A, 
and16P8A 



13 

25 

ns 

fMAX 

Maximum frequency 

Polarity fuse intact 


28.5 

40 


' MHz 

16RP8A, 16RP6A 16RP4A 

Polarity fuse blown 


25 

33 
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PAL16RA8 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 

4.75 

5 

5.25 

V 

tw 

Width of clock 

20 

13 


ns 

twp 

Preload pulse width 

35 

15 


ns 

tsu 

Setup time for input or feedback to clock 

20 

10 


ns 

tsup 

Preload setup time 

25 

5 


ns 

th 

Hold time 

Polarity fuse intact 

10 

-2 


ns 

Polarity fuse blown 

0 

-6 


thp 

Preload hold time 

25 

5 


ns 

Ta 

Operating free-air temperature 

0 


75 

°C 

TC 

Operating case temperature 


°C 


Eiectrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = min 

l| =-18mA 

1 

o 

bo 

_i^ 

cn 

V 

l|L 

Low-level input current 

Vcc = MAX 

Vi =0.4V 

-0.02-0.25 

mA 

l|H 

High-level input current 

Vcc = max 

V| =2.4V 

25 

mA 

l| 

Maximum input current 

Vcc = max 

V| =5.5V 

1 

mA 

VOL 

Low-level output voltage 

Vcc = MIN 

IOL=8mA 

0.3 0.5 

V 

VOH 

High-level output voltage 

Vcc = min 

IqH = -3-2 mA 

2.4 2.8 

V 

IQZ 

Off-state output current 

Vcc = max 

Vo = 2.4 V/Vq = 0.4 V 

-100 100 

mA 

IqS 

Output short-circuit current 

Vcc=5V 

> 

o 

II 

O 

> 

-30 -70 -130 

mA 

Ice 

Supply current 

Vcc = MAX 

135 170 

mA 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

tpD 

Input or feedback 
to output 

Polarity fuse intact 



20 

30 

ns 

Polarity fuse blown 


25 

35 

*CLK 

Clock to output or feedback 


10 

17 

30 

ns 

ts 

Input to asynchronous set 



22 

35 

ns 

tR 

Input to asynchronous reset 

R1 = 560 a 


27 

40 

ns 

tpzx 

Pin 1 1 to output enable 

R2 = 1.1Kn 


10 

20 

ns 

<PXZ 

Pin 1 1 to output disable 



10 

20 

ns 

tpzx 

Input to output enable 



18 

30 

ns 

tpxz 

Input to output disable 



15 

30 

ns 

^MAX 

Maximum frequency 


20 

35 


MHz 


5-42 
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standard PAL/HAL Devices Series 24 
1 2L1 0, 1 4L8, 1 6L6, 1 8L4, 20L2, 20C1 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 


Supply voltage 

4.5 5 5.5 


V 

■iiSH 

Operating free-air temperature 

-55 

0 75 



Operating case temperature 

125 


Bi 


Eioctricai Characteristics ow operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

. 

MIN TYP MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqc = M'N l| = -18mA 

T 

00 

o 

V 

l|L 

Low-level input current 

Vec = MAX V| - 0.4V 

-0.02 -0.25 

mA 

l|H 

High-level input current 

Vec = max V, = 2.4V 

25 

AiA 

l| 

Maximum input current 

Vec = max V| = 5.5V 

1 

mA 

''OL 

Low-level output voltage 

Vec - min 

MIL |qI_ = 8mA 

0.3 0.5 

V 

COM Iql = S'^A 

X 

o 

> 

High-level output voltage 

Vqq = MIN 

MIL Iqh “ -2mA 

2.4 2.8 

V 

COM 'oh “ —3.2mA 

'os 

Output short-circuit current** 

Vec = 5V Vq = OV 

-30 -70 -130 

mA 

Ice 

Supply current 

Vec = max 

60 100 

mA 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

Input or feedback to output 

R1 = 560n 

R2 = l.lkn 

25 45 

25 40 

ns 
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PAL6L16A PAL8L14A 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.75 

5 

5.25 

V 

Ta : 

Operating free-air temperature 

0 

25 

75 

°c 


Eiectricai Characteristics Over Operating Conditions 


SYMBOL 

— 

PARAMETER 

TEST CONDITION 

MIN TYP MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq= MIN l| = -18 mA 

-0.8 -1.5 

V 

l|L 

Low-level input current 

Vcc = MAX V) = 0.4 V 

-0.02 -0.25 

mA 

'iH 

High-level input current 

Vcc=MAX V| = 2.4V 

25 

fiA 

|| 

Maximum input current 

Vcc = max V| = 5.5V 

' 

mA 

VqL 

Low-level output voltage 

Vcc = min Iql = 8 mA 

0.3 0.5 

V 

X 

o 

> 

High-level output voltage 

Vcc = min \Qy^ = -3.2 mA 

2.4 2.8 

V 

'os ** 

Output short-circuit current 

< 

O 

o 

II 

cn 

< 

< 

O 

o 

< 

-30 -70 -130 

mA 

'cc 

Supply current 

Vcc = I^AX 

60 90 

mA 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

COMMERCIAL 

MIN TYP MAX 

UNIT 


Input to output propagation delay 

R1 = 560n 

R2 = 1.1 Kn 

15 25 

ns 
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Fast Series 24 A 
20L8A, 20R8A, 20R6Ai 20R4A 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 


Supply voltage 

4.5 5 5.5 


V 


Width of clock 

Low 

20 7 


ns 

High 

20 7 

15 7 


Set up time from 
input or feedback to clock 

20R8A 20R6A 20R4A 


25 15 

ns 

HflH 

Hold time 

0 -10 

0 -10 


H9H 

Operating free-air temperature 

-55 

0 75 


■OH 

Operating case temperature 

125 


Bi 


Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

V,L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| = -18mA 



-0.8 

-1.5 

V 

'IL 

Low-level input current f 

Vcc = max 

V| = 0.4V 



-0.02 

-0.25 

mA 

'iH 

High-level input current f 

VcG = max 

V| = 2.4V 


25 

A/A 

h 

Maximum input current 

Vcc = MAX 

V| = 5.5V 


1 

mA 

Vql 

Low-level output voltage 

Vqq = min 

Mil 

IqL = 12mA 


0.3 

0.5 

V 


Com 

IqL = 24mA 



— 

< 

§ 

High-level output voltage 

Vqq = min 

Mil 

Iqh = -2mA 

2.4 



2.8 



Com 

Iqj_I - —3.2mA 


V 

•OZL 

Off-state output current f 

Vqq = MAX 

Vq = 0.4V 

-100 

/iA 

'OZH 

Vq = 2.4V 

100 

/iA 

'os 

Output short-circuit current** 

Vcc = 5V 


< 

O 

II 

§ 

-30 

-90 

-130 

mA 

'cc 

Supply current 

Vqq “ MAX 


160 

210 

mA 


Switching Characteristics ov«r operating conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

Input or feed- 
back to output 

20R6A 20R4A 20L8A 


15 

30 


15 

25 

ns 

*CLK 

Clock to output or feedback 


10 

20 


10 

15 

ns 

*PZX 

Pin 13 to output enable except 20L8A 


10 

25 


10 

20 


‘PXZ 

Pin 13 to output disable except 20L8A 

R^ = 2000 

R2 = 3900 

11 

25 


11 

20 

BB 

^PZX 

Input to 
output enable 

20R6A 20R4A 20L8A 

10 

30 


10 

25 

13 

<PXZ 

Input to 
output disable 

20R6A 20R4A 20L8A 


13 

30 


13 

25 

m 

^MAX 

Maximum 

frequency 

20R8A 20R6A 20R4A 


20 40 

28.5 

40 
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Half-Power Series 24A-2 


Operating Conditions 


SYMBOL 

PARAMETER 

MiN 

COMMERCIAL 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 

4.75 

5 

5.25 

V 

tw 

Width of clock 

Low 

25 

10 


ns 

High 

25 

10 


tsu 

Setup time from 
input or feedback to clock 

20R8A-2, 20R6A-2, 20R4A-2 

35 

25 


ns 

th 

Hold time 

0 

-15 


ns 

Ta 

Operating free-air temperature 

0 

25 

75 



Electricai Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYP MAX 

UNIT 

V|L* 

Low-level Input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = min l| =-18mA 

-0.8 -1.5 

V 

l|Lt 

Low-level input current 

Vcc = max V| = 0.4 V 

-0.02 -0.25 

mA 

l|Ht 

High-level input current 

Vcc = max V| =2.4V 

25 

mA 

i| 

Maximum input current 

Vcc=MAX V| =5.5V 

1 

mA 

VoL 

Low-level output voltage 

Vcc = min IOL=24mA 

0.3 0.5 

V 

VOH 

High-level output voltage 

Vcc = min Iqh = -3.2 mA 

2.4 2.8 

V 

iQZLt 

Off-state output current 

Vcc = max 

Vo =0.4V 

-100 

mA 

'OZHt 

Vo =2.4V 

100 

fxA 

, ** 
los 

Output short-circuit current 

VCC = 5V Vo =0V 

-30 -70 -130 

mA 

Icc 

Supply current 

Vcc = max 

80 105 

mA 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 


Input or feedback to output 

20L8A-2 20R6A-2 20R4A-2 


25 

50 


25 

35 

ns 

'glk 

Clock to output or feedback except 20L8A-2 


15 

25 


15 

25 

ns 

^PXZ/ZX 

Pin 13 to output disable/enable except 

20L8A-2 

Commercial 

Rl = 200n 

R2 = 390n 


25 


15 

25 

ns 

*PZX 

Input to output enable 

20L8A-2 20R6A-2 20R4A-2 

25 

45 


25 

35 

ns 

*PXZ 

Input to output disable 

20L8A-2 20R6A-2 20R4A-2 

25 

45 


25 

35 

ns 

^MAX 

Maximum frequency 

20R8A-2 20R6A-2 20R4A-2 


14 19 

16 

19 


MHz 
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PAL Device Series 24B Very High Speed Programmabie Array Logic 


Operating Conditions 


SYMBOL 

PARAMETER 

MiN 

COMMERCIAL 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 

4.75 

5 

5.25 

V 

*w 

Width of clock 

Low 


10 

6 


ns 

High 

20R8B. 20R6B, 20R4B 

12 

8 


tsu 

Setup time from input 
or feedback to clock 

15 

10 


ns 

‘h 

Hold time 

0 

-10 


ns 

Ta 

Operating free-air temperature 

0 

25 

75 

°C 


Eiectricai Characteristics Over Operating Conditions 


SYMBOL 

„ ■■ 

PARAMETER 

TEST CONDITION 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|h‘ 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqc = min 

l| =-18 mA 


-0.8 

-1.5 

V 

hit 

Low-level input current 

Vgc-MAX 

V| = 0.4 V 


-0.02 

-0.25 

; 

m A 

l|Ht 

High-level input current 

Vqq = MAX 

V| =2.4V 

25 

mA 

l| 

Maximum input current 

Vcc " max 

V| =5.5V 

1 

mA 

Vql 

Low-level output voltage 

Vcc = MIN 

'OL = 24 mA 


0.3 

0.5 

V 

Vqh 

High-level output voltage 

Vcc = min 

IqI_I = -3.2 mA 

2.4 

2.8 


V 

'oZLt 

Off-state output current 

Vcc = max 

Vq =0.4V 

-100 

^ mA 

•oznt 

Vq =2.4V 

100 

mA 

1 ** 
Jos 

Output short-circuit current 

Vcc = 5V 

> 

o 

II 

O 

> 

-30 

-70 

-130 

mA 

'cc 

Supply current 

Vcc = max 


140 

210 

mA 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

tpD 

Input or feedback to output 

20L8B. 20R6B, 20R4B 



12 

15 

ns 

teLK 

Clock to output or feedback except 20L8B 



8 

12 

ns 

*PZX 

Pin 13 to output enable except 20L8B 

Commercial 


10 

15 

ns 

*PXZ 

Pin 13 to output disable except 20L8B 

R-I = 200n 

R 2 = 390 n 


8 

12 

ns 

‘PZX 

Input to output enable 

20R6B, 20R4B, 20L8B 


12 

18 

ns 

'PXZ 

Input to output disable 

20R6B, 20R4B, 20L8B 



12 

15 

ns 

^MAX 

Maximum frequency 

Feedback 


37 

40 


MHz 

20R8B, 20R6B, 20R4B 

No feedback 


45 

50 
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standard PAL/HAL Devices Series 24X 
20X10, 20X8, 20X4, 20L1 0 


Operating Conditions 



PARAMETER 



UNIT 


Supply voltage 

4.5 5 5.5 


D 


Width of clock 

Low 

40 20 



High 

30 10 

25 10 

mi 

Set up time from 
input or feedback to clock 

20X10, 20X8, 20X4 

60 38 

50 38 

B 

th 

Hold time 

0 -15 

0 -15 


Ta 

Operating free-air temperature 

-55 

0 75 


Tc 

Operating case temperature 

125 




Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = min l| = -.18mA 

1 

o 

bo 

cn 

V 

l|L 

Low-level input current f 

Vcc = max V| = 0.4V 

-0.02 -0.25 

mA 

'IH 

High-level input current f 

Vcc = max V| = 2.4V 

25 


'i 

Maximum input current 

Vcc = max V| = 5.5V 

1 

mA 

Vql 

Low-level output voltage 

Vcc = min 

< 

£ 

CM 

II 

. _l 

O 

1 

0.3 0.5 

V 

Com IqL = 24mA 

VqH 

High-level output voltage 

Vcc = 

Mil Iqh ^ ■2mA 

2.4 2.8 

V 

Com Iqh ~ -3.2mA 

'OZL 

Off-state output current t 

Vcc = max 

Vq = 0 4V 

-100 

/iA 

•OZH 

Vq - 2.4V 

100 

M 

'os 

Output short-circuit current** 

Vcc ^ 5V Vq = OV 

-30 -70 -130 

mA 

'cc 

Supply current 

Vcc = max 20X10 20X8 20X4 

120 180 

mA 

'cc 

Supply current 

Vcc = max 20L10 

90 165 

mA 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

^PD 

Input or feedback to output 

20X8, 20X4, 20LID 


35 

60 


35 

50 

ns 

'CLK 

Clock to output or feedback except 20L10 


20 

35 


20 

30 

ns 

*PXZ/ZX 

Pin 13 to output disable/enable except 20L10 

R1 = 200 n 

R2 = 390 n 

20 

45 


20 

35 

ns 

‘PZX 

Input to output enable except 20X10 

35 

55 


35 

45 

ns 

tpxz 

Input to output disable except 20X10 


35 

55 


35 

45 

ns 

fMAX 

Maximum frequency 

20X10,20X8,20X4 


10.5 16 

12.5 

16 


MHz 
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PAL Device Series 24XA 


Operating Conditions 


SYMBOL 

PARAMETER 

MiN 

COMMERCIAL 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 

4.75 

5 

5.25 

V 


Width of clock 

Low 

25 

15 


ns 

High 

15 

7 


^SU 

Setup time from 

Input or feedback to clock 

20X1 OA 

20X8A 

20X4A 

30 

20 


ns 

th 

Hold time 

0 

-15 


ns 

Ta 

Operating free-air temperature 

0 

25 

75 

>C 


Eiectrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN 

TYP 

MAX 

UNIT 

V|l‘ 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqc^MIN 

l| = -18 mA 


-0.8 

-1.5 

V 

l|Lt 

Low-level input current 

Vcc = max 

V| -0.4 V 


-0.02 

-0.25 

mA 

l|Ht 

High-level input current 

Vqq = MAX 

V| =2.4 V 

25 

mA 

l| 

Maximum input current 

Vqq = MAX 

V| =5.5V 

: 1 

mA 

VoL 

Low-level output voltage 

Vqq = MIN 

JOL=24mA 


0.3 

0.5 

' V 

VqH 

High-level output voltage 

Vqq - MIN 

lQf_j = -3.2 mA 

2.4 

2.8 


! 

1 y 

•oZLt 

Off-state output current 

Vqq = MAX 

Vq =0.4V 

-too 

' /uA 

'OZHt 

Vq =2.4V 

100 

mA 

1 

'os 

Output short-circuit current 

Vqc = 5V 

> 

o 

II 

O 

> 

-30 

-70 

-130 

mA 

'cc 

Supply current 

Vqq = MAX 

20X10A,20X8A,20X4A 


140 

180 

mA 

20L10A 


115 

165 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

Input or feedback to output 20L10A, 20X8A, and 20X4A 

Commercial 

Rl = 200n 

R2 = 360 n 

23 30 

ns 

*CLK 

Clock to output or feedback 

10 15 

ns 

'PZX 

Pin 1 3 to output enable except 20L1 OA 

11 20 

ns 

*PXZ 

Pin 13 to output disable except 20L10A 

10 20 

hs 

¥zx 

Input to output enable 

20X8A. 20X4A, and 20L1 OA 

19 30 

ns 

Vxz 

Input to output disable 

20X8A, 20X4A, and 20L1 OA 

15 30 

ns 

7max 

Maximum frequency 

20X10A, 20X8A, and 20X4A 

22.2 32 

MHz 
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SERIES 24RS, 20S10, 20RS10, 20RS8, 20RS4 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

tw 

Width of clock 

Low 

20 10 

15 10 

ns 

High 

20 10 

15 10 

^su 

Setup time from input 
or feedback to clock 

20RS10 

20RS8 

20RS4 


40 25 

35 25 

ns 

‘h 

Hold time 

0 -10 

0 -10 

ns 

Ta 

Operating free-air temperature 

-55 

0 75 

°c 

Tc 

Operating case temperature 

125 


°C 


Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYP MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|h‘ 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| = -18 mA 

-0.8 -1.5 

V 

'iLt 

Low-level input current 

Vqq = MAX 

V| = 0.4 V 

-0.02 -0.25 

mA 

•iHt 

High-level input current 

Vqc = MAX 

V| = 2.4V 

25 

mA 

l| 

Maximum input current 

Vqc = max 

V| = 5.5V 

1 

mA 

VoL 

Low-level output voltage 

Vqq = MIN 

Mil 

IqL = 12 mA 

0.3 0.5 

V 

Com 

IqL = 24 mA 

VqH 

High-level output voltage 

Vqq = MIN 

Mil 

Iqh = -2 mA 

2.4 2.8 

1 

V 

Com 

lQI_j = -3.2 mA 

'ozut 

Off-state output current 

Vqc - MAX 

Vq =0.4V 

-100 

mA 

'oZHt 

Vq = 2.4 mA 

100 

, ** 
'OS 

Output short-circuit current 

cf 

o 

II 

cn 

< 

> 

o 

II 

-30 -70 -130 

mA 

'cc 

Supply current 

Vqc = MAX 

175 240 

mA 


Switching Characteristics over operating condnions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

Input or feedback 
to output 

20S10, 20RS8, 20RS4 

Polarity fuse intact 

Commercial 

R-l = 200n 

R 2 = 390 Kn 

25 40 

25 35 

ns 

Polarity fuse blown 

30 45 

30 40 

•CLK 

Clock to output or feedback 

12 20 

12 17 

ns 

‘PZX 

Pin 13 to output enable except 20S10 

10 25 

10 20 

ns 

‘PXZ 

Pin 13 to output disable except 20S10 

11 25 

11 20! 

ns 

tpzx 

Input to 
output enable 

20S10, 20RS8, 

20RS4 

25 35 

25 35 

ns 

*PXZ 

Input to 
output disable 

20S10, 20RS8 

20RP4 

Military 

R-l = 390 a 

R 2 = 750 n 

13 30 

13 25 

ns 

^MAX 

Maximum frequency 

20RS10, 20RS8, 20RS4 

18 28 

20 28 

MHz 
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PAL20RA10 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 

5 5.5 

4.75 

5 

5.25 

V 

‘w 

Width of clock 

Low 

25 

13 

20 

13 


ns 

High 

25 

13 

20 

13 


twp 

Preload pulse width 

45 

15 

35 

15 


ns 

^SU 

Setup time for input or feedback to clock 

25 

10 

20 

10 


ns 

^sup 

Preload setup time 

30 

5 

25 

5 


ns 

‘h 

Hold time 

Polarity fuse intact 

10 

-2 

10 

-2 


ns 

Polarity fuse blown 

0 

-6 

0 

-6 


thp 

Preload hold time 

30 

5 

25 

5 


ns 

Ta 

Operating free-air temperature 

-55 

0 


75 

°c 

TC 

Operating case temperature 

125 


°c 


Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN 

TYP MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| = -18 mA 

-0.8 -1.5 

V 

l|L 

Low-level input current 

Vcc = max 

V| = 0.4V 

-0.02 -0.25 

mA 

•iH 

High-level input current 

Vcc^MAX 

V|-2.4V 

25 

M 

ii 

Maximum input current 

vcc = max 

V| = 5.5V 

' 1 

mA 

VoL 

Low-level output voltage 

Vcc = min 

lOL = 

0.3 0.5 

V 

'^OH 

High-level output voltage 

Vqq = MIN 

IqI^: MH-2 mA Com-3.2 mA 

2.4 

2.8 

V 

•oz 

Off-state output current 

Vcc = max 

Vq = 2.4 V/Vq = 0.4 V 

-100 

100 

fxA 

1 *★ 
•os 

Output short-circuit current 

> 

10 

11 

O 

o 

> 

> 

o 

II 

O 

> 

-30 

-70 -130 

mA 

'cc 

Supply current 

Vcc = max 

155 200 

mA 


Switching Characteristics over operating condnions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

Input or feedback to output 

Polarity fuse intact 



20 

35 


20 

30 

ns 

Polarity fuse blown 



25 

40 


25 

35 

*CLK 

Clock to output or feedback 


10 

17 

35 

10 

17 

30 

ns 

ts 

Input to asynchronous set 



22 

40 


22 

35 

ns 


Input to asynchronous reset 

B-j= 560n 
R2 = 1.1 KO 


27 

45 


27 

40 

ns 

‘PZX 

Pin 13 to output enable 


10 

25 


10 

20 

ns 

•pxz 

Pin 13 to output disable 


10 

25 


10 

20 

ns 

*PZX 

Input to output enable 



18 

35 


18 

30 

ns 

‘PXZ 

Input to output disable 



15 

35 


15 

30 

ns 

^MAX 

Maximum frequency 


16 

35 


20 

35 


MHz 


MonoUthlo UMII MBmoHas 
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PAL 32R1 6 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MlN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

‘w 

Width of clock 

Low 

25 

20 

ns 

High 

25 

20 

^wp 

Preload pulse width 

45 

35 

ns 

^SU 

Setup time for input to clock 

Polarity fuse intact 

50 

40 

ns 

Polarity fuse blown 

50 

40 

^sup 

Preload setup time 

30 

25 

ns 

‘h 

Hold time 

0 -10 

0 -10 

ns 

^hp 

Preload hold time 

10 

5 

ns 

Ta 

Operating free-air temperature 

-55 ^ 

0 75 

°C 

TC 

Operating case temperature 

125 


°C 


Eiectricai Characteristics over operating condiuons 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYP MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level Input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN I] = -18mA 

-0.8 -1.5 

V 

l|L 

Low-level input current 

Vcc = max V| = 0.4V 

-0.02-0.25 

mA 

l|H 

High-level input current 

Vcc = max V| = 2.4V 

25 

mA 

l| 

Maximum input current 

Vcc = max Vi = 5.5V 

■: 1 

mA 

VOL 

Low-level output voltage 

Vcc = min 

Mil Iql = 8 niA 

0.3 0.5 

V 

Com loL“8mA 

Vqh 

High-level output voltage 

Vcc = min 

Mil loH = "2fnA 

2.4 2.8 

V 

Com lcH = "8-2mA 

'OZL 

Off-state output current 

Vcc = max 

Vq =0.4V 

-100 

mA 

'OZH 

Vq = 2.4V 

100 

mA 

'os** 

Output short-circuit current 

Vcc = max Vq =oy 

-30 -70 -130 

mA 

'cc 

Supply current 

Vcc = max 

200 280 

mA 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

Input to output 

Polarity fuse intact 

Rl = 560 n 
R2=1.1Ka 

50 

40 

ns 

Polarity fuse blown 

55 

45 

*CLK 

Clock to output or feedback 

30 

25 

ns 

*PZX 

Output enable 

25 

20 

ns 

*PXZ 

Output disable 

25 

20 

ns 

^MAX 

Maximum frequency 

14 

16 

MHz 
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PAL64R32 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 

MIN TYP MAX 

UNIT 

Vec 

Supply voltage 

4.75 5 5.25 

V 

tw 

Width of clock 

Low 

20 

ns 

High 

20 

tsu 

Setup time from input to clock 

Polarity fuse Intact 

40 

ns 

Polarity fuse blown 

40 

th 

Holdtime 

0 -10 

ns 

Ta 

Operating free-air temperature 

0 75 

°C 

Tc 

Operating case temperature 


°c 


Electricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

- ■ , ■ 

TEST CONDITION 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|l‘ 

- 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| =-18mA 


-0.8 

-1.5 

V 

l|L 

Low-level input current 

Vqq = MAX 

Vj =0.4V 


-0.02 

-0.25 

mA 

'IH 

High-level input current 

Vqq=MAX 

V| -2.4 V 

25 

mA 

l| 

Maximum input current 

Vcc=MAX 

V| =5.5V 


mA 

Vql 

Low-level output voltage 

Vqq = MIN 

lOL = 8 mA 


0.3 

0.5 

V 

VqH 

High-level output voltage 

Vqc = min 

JOH = "0-4 

2.4 

2.8 


V 

'OZL 

Off-state output current 

VqC ~ MAX 

Vq =0.4V 

-100 

mA 

'OZH 

Vq =2.4V 

100 

mA 

1 *★ 

'os 

Output short-circuit current 

Vcc = 5V 

> 

o 

II 

O 

> 

-10 

-40 

-60 

mA 

'cc 

Supply current 

Vcc=MAX 


400 

640 

mA 


Switching Characteristics over operating conditions 


SYMBOL 

..... . .... ... . 

PARAMETER 

TEST 

CONDITIONS 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

Input to output 

Polarity fuse intact 

R-l = 560 0 

R2 = 1.1 KO 

50 

ns 

Polarity fuse blown 

55 

*CLK 

Clock to output or feedback 

22 

ns 

tpzx 

Output enable 

30 

ns 

*PXZ 

Output disable 

30 

ns 

^PRH 

Preset to output 

35 

ns 

^MAX 

Maximum frequency 

16 20 

MHz 
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Testing Conditions 
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PAL/HAL Devices 


Output Register PRELOAD 


The PRELOAD function allows the register to be loaded from 
data placed on the output pins. This feature aids functional 
testing of sequential designs by allowing direct setting of output 
states. The procedure for PRELOAD is as follows; 



Series 20PA 

1. Raise V 0 Q to 4.5 V. 

2. Disable output registers by setting pin 11 to V||_j. 

3. Apply V||_A/||-| to all registered output pins. 

4. Pulse pin 8 to Vp, then back to 0 V. 

5. Remove V||_/V||-| from all output registers. 

6 . Lower pin 11 to V||_ to enable the output registers. 

7. Verify for Vql/Voh registered output pins. 

Series 24RS/24XA 

1. Raise Vqq to 4.5 V. 

2. Disable output registers by setting pin 13 to V||_j. 

3. Apply V||_A/|h to all registered output pins. 

4. Pulse pin 10 to Vp, then back to 0 V. 

5. Remove Vn_/V||_j from all output registers. 

6 . Lower pin 13 to V||_ to enable the output registers. 

7. Verify for Vol/Vqh registered output pins. 


OUTPUT 

REGISTERS 


OUTPUT 
REGISTERS , 


Power-Up RESET 


All devices with this PRELOAD feature also have power-up 
RESET. All registers power up to a logic high for predictable 
system Initialization. 


Switching Waveforms 


INPUTS I/O 
REGISTERED 
FEEDBACK 


ASYNCHRONOUS 

PRESET 


) 

Maaaa^^ 

r 

\ 

*su 

.1 

/ 

V! 

7 




--*CLK [♦♦I 


*PRW^H — ^*PRR- 


REGISTERED 

OUTPUTS 



'r~ s 

to tD 

/ , 





-•cLK 


COMBINATORIAL 

OUTPUTS 



Notes: 1. Input pulse amplitude 0 V to 3.0 V. 

2. Input access measured at the 1.5 V level. 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 


16L2 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 


16RP6 


0 1 2 3 4 5 6 7 8 9 10 11 12131415 I6I718I9 2021 2223 24252627 28293031 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Oevices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/ HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL/HAL Devices Logic Diagram 
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PAL® Device Programmer Ref erenceGuide 


20-Pin Device Family 

Data I/O Corporation 


10525 Willows Road N E. 

PO Box 97046 
Redmond, WA 98073-9746 
(800) 247-5700 


Models 19,29A, 29B 
Model 60 


Series 

Part Number 

Small 20/-2 
Combinatorial 

PAL10H8/-2 

PAL10L8/-2 

PAL12H6/-2 

PAL12L6/-2 

PAL14H4/-2 

PAL14L4/-2 

PAL16H2/-2 

PAL16L2/-2 

PAL16C1/-2 


Medium 20/ 

20A/20A-2/4/ 

20B-2/-4 

Standard 

PAL16L8/A/-2/-4/B-2/-4 

PAL16R8/A/-2/-4/B-2/-4 

PAL16R6/A/-2/-4/B-2/-4 

PAL16R4/A/-2/-4/B-2/-4 


Medium 

20B/D 

PAL16L8B/D 

PAL16R8B/D 

PAL16R6B/D 

PAL16R4B/D 


Medium 

20BP 

Standard 

PAL16L8BP 

PAL16R8BP 

PAL16R6BP 

PAL16R4BP 

z r 

Medium 20PA 
Programmable 
Polarity 

PAL16P8A 

PAL16RP8A 

PAL16RP6A 

PAL16RP4A 


Large 20 
Arithmetic 

PAL16X4 

PAL16A4 

it: 

Large 20RA 
Asynchronous 

PAL16RA8 


System 


LogicPak 


Adapter 


Family 

Code 


Pinout 

Code 


Model 60 
Rev. V05 

Models: 

19 

29A 

29B 


303A 


303A-002-V08 

303A-011A/B-V01 


22 


303A-V04 


303A 


22 


18 


13 


19 


14 


20 


15 


JL6_ 




17 


24 



30 

17 



24 

1 




17 


67 


30 


31 


24 


30 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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PAL® Device Programmer Reference Guide 


24-Pin and MegaPAL” Device Famiiies 

Data I/O 


Series 

Part Number 

Small 24 

Combinatorial 

1 

PAL12L10 

PAL14L8 

PAL16L6 

PAL18L4 

PAL20L2 

PAL20C1 

. r n 

Small 24A 

Decoder i 

PAL6L16A 

PAL8L14A 

n 

Medium 24A/ 

24A-2/B 

Standard 

PAL20L8A/-2/B 

PAL20R8A/-2/B 

PAL20R6A/-2/B 

PAL20R4A/-2/B 

1 

Medium 24X 

Exclusive-OR 

PAL20L10 

PAL20X10 

PAL20X8 

PAL20X4 



Medium 24XA 

Exclusive-OR 

PAL20L10A 

PAL20X10A 

PAL20X8A 

PAL20X4A 

1 

Large 24RS 
Shared 

Product Terms 

PAL20S10 

PAL20RS10 

PAL20RS8 

PAL20RS4 

^ ZZ ZZZZZl 

Large 24A 
Registered XOR 

PAL22RX8A 

. ^ 

Large 24/A 
Varied XOR 

PAL32VX10/A 


Large 24RA 
Asynchronous 

PAL20RA10 


ECL 

Combinatorial 

PAL10H20P8^ 

. _ : 

MegaPAL™ 

Devices 

PAL32R16 

PAL64R32 


System 


LogicPak^^^ 


Adapter 


Family 

Code 


Pinout 

Code 


Model 60 
Rev. VOS 

Models:19| 
29A 
29B 


303A 


303A-002-V08 

303A-011A/B-V01 


22 


303A-V04 


303A-011A/B-V01 


f\4odel 29B 


iiaiiiBiBi 1 

303A 

303A-002-V08 
303A-01 1 A/B-V01 

. . 

303A-V04 

303A-001ME 

_ 

303A 

303A-008-A/B | 


350A/-23/A/B 


01 


02 

03 

04 

05 

12 


48 

49 


26 

27 

1 


06 


23 


06 

36 


43 

44 

46 


78 


77 


45 


42 


47 


84 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 

^ Not supported on Model 19 


Monolithio 


rdfOHB 


Memories 
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PAL® Device Programmer Reference Guide 


20-Pin Device Famiiy 

Digelec 


1 602 Lawrence Ave. 
Suite 113 
Ocean, NJ 07712 
(201) 493-2420 


System UP803 


Series 

Part Number 

Small 20/-2 
Combinatorial 

PAL10H8/-2 

PAL10L8/-2 

PAL12H6/-2 

PAL12L6/-2 

PAL14H4/-2 

PAL14L4/-2 

PAL16H2/-2 

PAL16L2/-2 

PAL16C1/-2 



Medium 20/ 

20A/20A-2/4/ 

20B-2/-4 

Standard 

PAL16L8/A/-2/-4/B-2/-4 

PAL16R8/A/-2/-4/B-2/-4 

PAL16R6/A/-2/-4/B-2/-4 

PAL16R4/A/-2/-4/B-2/-4 _ 


Medium 

20B/D 

PAL16L8B/D 

PAL16R8B/D 

PAL16R6B/D 

PAL16R4B/D 


FAM 52 Rev. 


Adapter 


Adapter Rev. 


5.4 


DA53 


A-3 


Medium 

20BP 

Standard 


PAL16L8BP 


PAL16R8BP 


PAL16R6BP 


PAL16R4BP 


Under Development 


Medium 20PA 
Programmable 
Polarity 


PAL16P8A 


PAL16RP8A 


PAL16RP6A 


PAL16RP4A 


Large 20 
Arithmetic 


PALI 6X4 


PAL16A4 


5.4 


DA53 


A-3 



Large 20RA 
Asynchronous 

PAL16RA8 

Under Development 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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PAL® Device Programmer Reference Guide 


24-Pin and MegaPAL” Device Famiiies 

Digelec 


Series 

Part Numbers 

Small 24 

Combinatorial 

PAL12L10 

PAL14L8 

PAL16L6 

PAL18L4 

PAL20L2 

PAL20C1 



Small 24A 

Decoder 

PAL6L16A 

PAL8L14A 


Medium 24A/ 

24A-2/B 

Standard 

PAL20L8A/-2/B 

PAL20R8A/-2/B 

PAL20R6A/-2/B 

PAL20R4A/-2/B 

J 

Medium 24X 

Exclusive-OR 

PAL20L10 

PAL20X10 

PAL20X8 

PAL20X4 

1 

Medium 24XA 

Exciusive-OR 

PAL20L10A 

PAL20X10A 

PAL20X8A 

PAL20X4A 

I 

Large 24RS 

Shared 

Product Terms 

PAL20S10 

PAL20RS10 

PAL20RS8 

PAL20RS4 


Large 24A 1 

Registered XOR 

PAL22RX8A 



Large 24/A 
Varied XOR 

PAL32VX10/A 

1 

Large 24RA i 

Asynchronous i 

PAL20RA10 

I J 

ECL 

Combinatorial 

PAL10H20P8 

— — — J 

MegaPAL™ 

Devices 

PAL32R16 

PAL64R32 


FAM 52 


5.4 


Adapter 


DA55 


Adapter Rev. 


C-1 


Under Development 


5.4 


DA55 


C-1 


Under Development 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 


MonoHihic 




Memories 


5-101 




PAL® Device Programmer Reference Guide 


20-Pin Device Famiiy 

Kontron 


1 230 Charleston Road 
Mountain View, CA 94039-7230 
(415) 965-7020 


System MPP-80S 
System EPP-80 


Series 

Part Number 

Smaii 20/-2 
Combinatoriai 

PAL10H8/-2 

PAL10L8/-2 

PAL12H6/-2 

PAL12L6/-2 

PAL14H4/-2 

PAL14L4/-2 

PAL16H2/-2 

PAL16L2/-2 

PAL16C1/-2 



Medium 20/ 

20A/20A-2/4/ 

20B-2/-4 

Standard 

PAL16L8/A/-2/-4/B-2/-4 

PAL16R8/A/-2/-4/B-2/-4 

PAL16R6/A/-2/-4/B-2/-4 

PAL16R4/A/-2/-4/B-2/-4 


Medium 

20B/D 

PAL16L8B/D 

PAL16R8B/D 

PAL16R6B/D 

PAL16R4B/D 


UPM-B Rev. 


1.44 


Medium 

20BP 

Standard 


PAL16L8BP 


PAL16R8BP 


PAL16R6BP 


PAL16R4BP 


Under Development 


Medium 20PA 
Programmabie 
Poiarity 


PAL16P8A 


PAL16RP8A 


PAL16RP6A 


PAL16RP4A 


Large 20 
Arithmetic 


PALI 6X4 


PAL16A4 


1.44 




Large 20RA 
Asynchronous 

PAL16RA8 ! 

1.47 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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24-Pin and MegaPAL" Device Families 

Kontron 


Series 

Part Number 

UPM-B Rev. 

Small 24 

Combinatorial 

PAL12L10 

1.44 

PAL14L8 



PAL16L6 

PAL18L4 

PAL20L2 

PAL20C1 


Small 24A 

Decoder 

PAL6L16A 

1.48 

PAL8L14A 


Medium 24A/ 

24A-2/B 

Standard 

PAL20L8A/-2/B 

1/1/1 1 

PAL20R8A/-2/B 



PAL20R6A/-2/B 

PAl ?nR4A/-2/B 


Medium 24X 

Exclusive-OR 

PAL20L10 

PAL20X10 

PAL20X8 

PAL20X4 


Medium 24XA 

Exciusive-OR 

PAL20L10A 

PAL20X10A 

PAL20X8A 

PAL20X4A 


Large 24RS 

Shared 

Product Terms 

PAL20S10 

PAL20RS10 

PAL20RS8 

PAL20RS4 

iiiiiili* 

Large 24A 
Registered XOR 

PAL22RX8A 



Large 24/ A 
Varied XOR 

PAL32VX10/A 

1.48 

: 

Large 24RA 
Asynchronous 

PAL20RA10 

1.44 


n 

ECL 

Combinatorial 

PAL10H20P8 

. 

1.47 


I 

MegaPAL™ 

Devices 

PAL32R16 

Under Development 

• 

PAL64R32 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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20-Pin Device Family 

Micropross 

Parc d'activite des Pres 
5, rue Denis-Papin 
59650 Villeneuve-d'Ascq 
Tel 20479040 


Series 

Part Number 

Rev. 

Small 20/-2 
Combinatorial 

PAL10H8/-2 


PAL10L8/-2 


D 

PAL12H6/-2 

PAL12L6/-2 

PAL14H4/-2 

PAL14L4/-2 

PAL16H2/-2 

PAL16L2/-2 

PAL16G1/-2 


Medium 20/ 

20A/20A-2/4/ 

20B-2/-4 

Standard 

PAL16L8/A/-2/-4/B-2/-4 

PAL16R8/A/-2/-4/B-2/-4 

PAL16R6/A/-2/-4/B-2/-4 

PAL16R4/A/-2/-4/B-2/-4 


Medium 

20B/D 

PAL16L8B/D 

PAL16R8B/D 

PAL16R6B/D 

PAL16R4B/D 



Medium 

20BP 

Standard 

PAL16L8BP 

Under Development 

PAL16R8BP 

PAL16R6BP 

PAL16R4BP 


Medium 20PA 
Programmable 
Polarity 

PAL16P8A 

3.5 i 

PAL16RP8A 



PAL16RP6A 

PAL16RP4A 


Large 20 
Arithmetic 

PALI 6X4 

PAL16A4 

• 

Large 20RA 
Asynchronous 

PAL16RA8 

Under Development 


Note; The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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24-Pin and MegaPAL^" Device Famiiies 

Micropross 


Series 

Part Number 

Rev. 


PAL12L10 

PAL14L8 

3.5 

Small 24 

Combinatorial 

PAL16L6 

PAL18L4 

PAL20L2 

PAL20C1 




Small 24A 
Decoder 


PAL6L16A 

PAL8L14A 


Under Development 


Medium 24A/ 
24A-2/B 
Standard 


PAL20L8A/-2/B 

PAL20R8A/-^ 

PAL20R6A/-2/B 

PAL20R4A/-2/B 


Medium 24X 
Exciusive-OR 


PAL20L10 

PAL20X10 

PAL20X8 

PAL20X4 


Medium 24XA 
Exciusive-OR 


Large 24RS 
Shared 

Product Terms 


PAL20L10A 

PAL20X10A 

PAL20X8A 

PAL20X4A 

PAL20S10 

PAL20RS10 

PAL20RS8 

PAL20RS4 


Large 24A 
Registered XOR 


PAL22RX8A 


Large 24/A 
Varied XOR 


PAL32VX10/A 


Large 24RA 
Asynchronous 


PAL20RA10 


ECL 

Combinatoriai 


PAL10H20P8 


MegaPAL™ 

Devices 


PAL32R16 

PAL64R32 


Under Development 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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20-Pin Device Famiiy 

Promac 


Adams MacDonald Enterprises, Inc. Promac P3 

2999 Monterey/Salinas Highway 

Monterey, CA 93940 Prograrnmar 

(408) 373-3607 


Series 

Part Number 

Software Rev. 

S1/S2 

Small 20/-2 
Combinatorial 

PAL10H8/-2 

3.0 

0/1 

PAL10L8/-2 


. 

0/6 

PAL12H6/-2 

0/2 

PAL12L6/-2 

0/7 

PAL14H4/-2 

0/3 

PAL14L4/-2 

0/8 

PAL16H2/-2 

0/4 

PAL16L2/-2 

0/9 

PAL16C1/-2 

0/5 




Medium 20/ 

20A/20A-2/4/ 

20B-2/-4 

Standard 

PAL16L8/A/-2/-4/B-2/-4 

6/10 

PAL16R8/A/-2/-4/B-2/-4 

0/11 

PAL16R6/A/-2/-4/B-2/-4 

0/12 

PAL16R4/A/-2/-4/B-2/-4 

0/13 



Medium 

20B/D 

PAL16L8B/D 

5/0 

PAL16R8B/D 

5/1 

PAL16R6B/D 

5/2 

PAL16R4B/D 

5/3 


Medium 

20BP 

Standard 

PAL16L8BP 

Under Development 

PAL16R8BP 

PAL16R6BP 

PAL16R4BP 


Medium 20PA 

Programmable 

Polarity 

PAL16P8A 

3.0 

1/0 

PAL16RP8A 



1/3 

PAL16RP6A 

1/2 

PAL16RP4A 

1/1 

mmrnmamimmmmmmi 


Large 20 
Arithmetic 

PALI 6X4 

0/14 

PAL16A4 

0/15 

mmimmmmmtimmimtmma 


Large 20RA 
Asynchronous 

PAL16RA8 

1/12 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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24>Pin and MegaPAL™ Device Famiiies 

Promac 


Series 

Part Number 

Small 24 

Combinatorial 

PAL12L10 

PAL14L8 

PAL16L6 

PAL18L4 

PAL20L2 

PAL20C1 


Small 24A 

Decoder 

PAL6L16A 

PAL8L14A 



Medium 24A/ 

24A-2/B 

Standard 

PAL20L8A/-2/B 

PAL20R8A/-2/B 

PAL20R6A/-2/B 

PAL20R4A/-2/B 

n 

Medium 24X 

Exclusive-OR 

PAL20L10 

PAL20X10 

PAL20X8 

PAL20X4 

_ _ 

Medium 24XA 

Exciusive-OR 

1 

PAL20L10A 

PAL20X10A 

PAL20X8A 

PAL20X4A 

1 ^ 

1 

Large 24RS 
Shared 

Product Terms 

PAL20S10 

PAL20RS10 

PAL20RS8 

PAL20RS4 


Large 24A 
Registered XOR 

PAL22RX8A 


Large 24/A 
Varied XOR 

PAL32VX10/A 


Large 24RA 
Asynchronous 

PAL20RA10 


ECL 

Combinatorial 

PAL10H20P8 

_____ 

MegaPAL™ 

Devices 

PAL32R16 

PAL64R32 


Software Rev. 


3.0 


S1/S2 


2/2 


2/3 

2/4 

2/5 

2/6 

2/1 


3/1 1 

3/10 


2/8 

2/9 

2/10 

2/11 


2/7 

2/12 

2/13 

2/14 


2/7 

2/15 

3/0 

3/1 


3/5 

3/6 

3/7 

3/8 






3.4 



Under Development 


Note: The software and hardware revisions fisted are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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20-Pin Device Famiiy 

Stag Microsystems 


528-5 Weddell Drive 
Sunnyvale, CA 94089 
(408) 745-1991 


ZL30 

PPZ 


Series 

Part Number 

Code 

ZL30 Rev. 

Zm2200 

Small 20/-2 
Combinatorial 

PAL10H8/-2 

20-20 

30-35 

14 

PAL10L8/-2 

20-25 





PAL12H6/-2 

20-21 

PAL12L6/-2 

20-26 

PAL14H4/-2 

20-22 

PAL14L4/-2 

20-27 

PAL16H2/-2 

20-23 

PAL16L2/-2 

20-28 

PAL16C1/-2 

20 24 




Medium 20/ 

20A/20A-2/4/ 

20B-2/-4 

Standard 

PAL16L8/A/-2/-4/B-2/-4 

20-29 

PAL16R8/A/-2/-4/B-2/-4 

20-30 

PAL16R6/A/-2/-4/B-2/-4 

20-31 

PAL16R4/A/-2/-4/B-2/-4 

20-32 


Medium 

20B/D 

PAL16L8B/D 

22-29 

30-39 

12 

PAL16R8B/D 

22-30 





PAL16R6B/D 

22-31 

PAL16R4B/D 

22-32 

1 ^ __ 1 _ _ _ 

Medium 

20BP 

Standard 

PAL16L8BP 

Under Development 

PAL16R8BP 

PAL16R6BP 

PAL16R4BP 

1 

Medium 20PA 

Programmable 

Polarity 

PAL16P8A 

20-38 

30-35 

12 

PAL16RP8A 

20-11 





PAL16RP6A 

20-12 

PAL16RP4A 

20-13 



Large 20 
Arithmetic 

PALI 6X4 

20-33 

14 

PAL16A4 

20-34 


Large 20RA 
Asynchronous 

PAL16RA8 

20-19 

30-37 

12 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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24-Pin and MegaPAL” Device Famiiies 

Stag Microsystems 


Series 

Part Number 

Code 

ZL30 Rev. 

ZM2200 

Small 24 

Combinatorial 



PAL12L10 

21-50 

30-35 

14 

PAL14L8 

21-51 



PAL16L6 

21-52 

12 

PAL18L4 

21-53 



PAL20L2 

21-54 

PAL20C1 

21-55 

MiiiiiitigiiiiiMiiiaaiigM 

Small 24A 

Decoder 

PAL6L16A 

Under Development 

PAL8L14A 


j 

Medium 24A/ 

24A-2/B 

Standard 

PAL20L8A/-2/B 

21-56 

30-35 

1? 

PAL20R8A/-2/B 

21-57 

' 


\ 


PAL20R6A/-2/B 

21-58 

PAL20R4A/-2/B 

21-59 



Medium 24X 

Exclusive-OR 

PAL20L10 

21-60 

PAL20X10 

21-61 

PAL20X8 

21-62 

PAL20X4 

21-63 



Medium 24XA 

Exciusive-OR 

PAL20L10A 

21-60 

PAL20X10A 

21-61 

PAL20X8A 

21-62 

PAL20X4A 

21-63 


Large 24RS 

Shared 

Product Terms 

PAL20S10 

21-81 

30-39 

PAL20RS10 

21-80 



PAL20RS8 

21-79 

PAL20RS4 

21-78 


Large 24A 
Registered XOR 

PAL22RX8A 

' 


_____ _ _ 1 

Large 24/A 
Varied XOR 

PAL32VX10/A 






Large 24RA 
Asynchronous 

PAL20RA10 

21-77 

30-37 



ECL 

Combinatorial 

PAL10H20P8 





MegaPAL™ 

Devices 

PAL32R16 

Under Development 

PAL64R32 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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20-Pin Device Famiiy 

Storey Systems 


3201 North Hwy. 67 
Suite H 

Mesquite, TX 75150 
(214) 270-4135 


Series 

Part Number 

Rev. 

Small 20/-2 
Combinatorial 

PAL10H8/-2 

2.0 

PAL10L8/-2 

PAL12H6/-2 



PAL12L6/-2 

PAL14H4/-2 

PAL14L4/-2 

PAL16H2/-2 

PAL16L2/-2 

PAL16C1/-2 



Medium 20/ 

20A/20A-2/4/ 

20B-2/-4 

Standard 

PAL16L8/A/-2/-4/B-2/-4 

PAL16R8/A/-2/-4/B-2/-4 

PAL16R6/A/-2/-4/B-2/-4 

PAL16R4/A/-2/-4/B-2/-4 




Medium 

20B/D 

PAL16L8B/D 

4.0 

PAL16R8B/D 



PAL16R6B/D 

PAL16R4B/D 


Medium 

20BP 

Standard 

PAL16L8BP 

Under Development 

PAL16R8BP 

PAL16R6BP 

PAL16R4BP 


Medium 20PA 

Programmable 

Polarity 

PAL16P8A 

4.0 1 

PAL16RP8A 



PAL16RP6A 

PAL16RP4A 



Large 20 

Arithmetic 

PALI 6X4 

2.0 

PAL16A4 

zn 

Large 20RA 
Asynchronous 

PAL16RA8 

4.04 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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24-Pin and MegaPAL™ Device Families 

Storey Systems 


Series 

Part Number 

Rev. 

Small 24 

Combinatorial 

PAL12L10 

2.0 

PAL14L8 



PAL16L6 

PAL18L4 

PAL20L2 

PAL20C1 




Small 24A 

Decoder 

PAL6L16A 

Under Development 

PAL8L14A 



Medium 24A/ 

24A-2/B 

Standard 

PAL20L8A/-2/B 

on I 

PAL20R8A/-2/B 

■ 


PAL20R6A/-2/B 

PAL20R4A/-2/B 


Medium 24X 

Exciusive-OR 

PAL20L10 

PAL20X10 

PAL20X8 

PAL20X4 


Medium 24XA 

Exclusive-OR 

PAL20L10A 

PAL20X10A 


PAL20X8A 

uiiut;i u 


PAL20X4A 



Large 24RS 

Shared 

Product Terms 

PAL20S10 

PAL20RS10 

PAL20RS8 

PAL20RS4 



Large 24A 
Registered XOR 

PAL22RX8A 



Large 24/A 
Varied XOR 

PAL32VX10/A 


1 

Large 24RA 
Asynchronous 

PAL20RA10 

4.04 

1 

ECL 

Combinatorial 

PAL10H20P8 


. .. 

MegaPAL™ 

Devices 

PAL32R16 

Under Development 

PAL64R32 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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20-Pin Device Famiiy 

Structured Design 


1700 Wyatt Drive 
Suite 7 

Santa Clara, CA 95054 
(408) 988-0725 


SD 20/24 System 
SD 1000 System 


Series 

Part Number 

Small 20/-2 
Combinatorial 

PAL10H8/-2 

PAL10L8/-2 

PAL12H6/-2 

PAL12L6/-2 

PAL14H4/-2 

PAL14L4/-2 

PAL16H2/-2 

PAL16L2/-2 

PAL16C1/-2 



Medium 20/ 

20A/20A-2/4/ 

20B-2/-4 

Standard 

PAL16L8/A/-2/-4/B-2/-4 

PAL16R8/A/-2/-4/B-2/-4 

PAL16R6/A/-2/-4/B-2/-4 

PAL16R4/A/-2/-4/B-2/-4 


Medium 

20B/D 

PAL16L8B/D 

PAL16R8B/D 

PAL16R6B/D 

PAL16R4B/D 


Medium 

20BP 

Standard 

PAL16L8BP 

PAL16R8BP 

PAL16R6BP 

PAL16R4BP 


Medium 20PA 
Programmable 
Polarity 

PAL16P8A 

PAL16RP8A 

PAL16RP6A 

PAL16RP4A 


Large 20 
Arithmetic 

PALI 6X4 

PAL16A4 



Large 20RA 
Asynchronous 

1 

PAL16RA8 1 


SD 20/24 


SD 1000 


1.6 


1.05 


Under Development 


Under Development 


1.6 


1.05 


Under Development 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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24-Pin and MegaPAL^" Device Famiiies 

Structured Design 


Series 

Part Number 


PAL12L10 


PAL14L8 

Small 24 

PAL16L6 

Combinatorial 

PAL18L4 


PAL20L2 


PAL20C1 

Small 24A 

Decoder 

PAL6L16A 

PAL8L14A 


PAL20L8A/-2/B 

Medium 24A/ 

PAL20R8A/-2/B 

24A-2/B 

PAL20R6A/-2/B 

Standard 

PAL20R4A/-2/B 


PAL20L10 

Medium 24X 

PAL20X10 

Exclusive>OR 

PAL20X8 


PAL20X4 


PAL20L10A 

Medium 24XA 

PAL20X10A 

Exclusive-OR 

PAL20X8A 

PAL20X4A 


PAL20S10 

Large 24RS 

PAL20RS10 

Shared 

PAL20RS8 

Product Terms 

PAL20RS4 

Large 24A 
Registered XOR 

PAL22RX8A 

Large 24/A 
Varied XOR 

PAL32VX10/A 

Large 24RA 
Asynchronous 

PAL20RA10 

ECL 

Combinatorial 

1 PAL10H20P8 

MegaPALTM 

PAL32R16 

Devices 

PAL64R32 


SP 20/24 

1.6 


SD 1000 

1.05 


Under Development 


Under Development 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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20-Pin Device Famiiy 

Valley Data Sciences 


Charleston Business Park 
2426 Charleston Road 
Mountain View, CA 94043 
(415) 968-2900 


Series 

Part Number 

Rev. 

Small 20/-2 
Combinatorial 

PAL10H8/-2 


PAL10L8/-2 

1- 

, 

UCJ 

PAL12H6/-2 

PAL12L6/-2 

PAL14H4/-2 

PAL14L4/-2 

PAL16H2/-2 

PAL16L2/-2 

PAL16C1/-2 


Medium 20/ 

20A/20A-2/4/ 

20B-2/-4 

Standard 

PAL16L8/A/-2/-4/B-2/-4 

PAL16R8/A/-2/-4/B-2/-4 

PAL16R6/A/-2/-4/B-2/-4 

PAL16R4/A/-2/-4/B-2/-4 


Medium 

20B/D 

PAL16L8B/D 

PAL16R8B/D 

PAL16R6B/D 

PAL16R4B/D 




Medium 

20BP 

Standard 

PAL16L8BP 

Under Development 

PAL16R8BP 

PAL16R6BP 

PAL16R4BP 


Medium 20PA 

Programmable 

Polarity 

PAL16P8A 

1.03 1 

PAL16RP8A 



PAL16RP6A 

PAL16RP4A 


Large 20 
Arithmetic 

PALI 6X4 

PAL16A4 

1 1 

Large 20RA 
Asynchronous 

PAL16RA8 

Under Development 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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24-Pin and MegaPAL^" Device Famiiies 

Valley Data Sciences 


Series 

Part Number 

Rev. 

Small 24 

Combinatorial 

PAL12L10 

1.03 

PAL14L8 

PAL16L6 



PAL18L4 

PAL20L2 

PAL20C1 


Small 24A 

Decoder 

PAL6L16A 

Under Development 

PAL8L14A 


Medium 24A/ 

24A-2/B 

Standard 

PAL20L8A/-2/B 

1.03 

PAL20R8A/-2/B 

PAL20R6A/-2/B 



PAL20R4A/-2/B 



Medium 24X 

Exciusive-OR 

PAL20L10 

PAL20X10 

PAL20X8 

PAL20X4 


Medium 24XA 

Exclusive>OR 

PAL20L10A 

PAL20X10A 

PAL20X8A 

PAL20X4A 


Large 24RS 

Shared 

Product Terms 

PAL20S10 

PAL20RS10 

PAL20RS8 

PAL20RS4 


Large 24A 
Registered XOR 

PAL22RX8A 



Large 24/A 
Varied XOR 

PAL32VX10/A 


Large 24RA 
Asynchronous 

PAL20RA10 



ECL 

Combinatorial 

PAL10H20P8 


MegaPAL™ 

Devices 

PAL32R16 

1.04 + 1.1 Adapter 

PAL64R32 

Under Development 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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PAL® Device Programmer Reference Guide 


20>Pin Device Famiiy 

Varix 


1210 E. Campbell Road 
Richardson, TX 75081 
(214) 437-0777 


Series 

Part Number 

Rev. 

Small 20/-2 
Combinatorial 

PAL10H8/-2 


PAL10L8/-2 

3. 

18 

PAL12H6/-2 

PAL12L6/-2 

PAL14H4/-2 

PAL14L4/-2 

PAL16H2/-2 

PAL16L2/-2 

PAL16C1/-2 


Medium 20/ 

20A/20A-2/4/ 

20B-2/-4 

Standard 

PAL16L8/A/-2/-4/B-2/-4 

PAL16R8/A/-2/-4/B-2/-4 

PAL16R6/A/-2/-4/B-2/-4 

PAL16R4/A/-2/-4/B-2/-4 


Medium 

20B/D 

PAL16L8B/D 

PAL16R8B/D 

PAL16R6B/D 

PAL16R4B/D 



^ 1 

Medium 

20BP 

Standard 

PAL16L8BP 

Under Development 

PAL16R8BP 

PAL16R6BP 

PAL16R4BP 


Medium 20PA 
Programmable 
Polarity 

PAL16P8A 

3.18 1 

PAL16RP8A 



PAL16RP6A 

PAL16RP4A 

r 

Large 20 

Arithmetic 

PALI 6X4 

PAL16A4 

_ _ _ ZZID 

Large 20RA 
Asynchronous 

PAL16RA8 

Under Development 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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PAL® Device Programmer Reference Guide 


24-Pin and MegaPAL^" Device Famiiies 

Varix 


Series 

Part Number 

Rev. 

Small 24 

Combinatorial 

PAL12L10 

3.18 

PAL14L8 

PAL16L6 

PAL18L4 

PAL20L2 

PAL20C1 



Small 24A 

Decoder 

PAL6L16A 

PAL8L14A 



Medium 24A/ 

24A-2/B 

Standard 

PAL20L8A/-2/B 

PAL20R8A/-2/B 

PAL20R6A/-2/B 

PAL20R4A/-2/B 



Medium 24X 

Exclusive-OR 

PAL20L10 

PAL20X10 

PAL20X8 

PAL20X4 



Medium 24XA 

Exciusive-OR 

PAL20L10A 

PAL20X10A 

PAL20X8A 

PAL20X4A 



Large 24RS 

Shared 

Product Terms 

PAL20S10 

Under Development 

PAL20RS10 

PAL20RS8 

PAL20RS4 


_ _ 

Large 24A 
Registered XOR 

PAL22RX8A 


1 

Large 24/A 
Varied XOR 

PAL32VX10/A 




Large 24RA 
Asynchronous 

PAL20RA10 

3.18 


ECL 

Combinatorial 

PAL10H20P8 


i ] 

MegaPAL™ 

Devices 

PAL32R16 

Under Development 

PAL64R32 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 
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ProPAL™, HAL®, and ZHAL'" Devices: 
The Logical Solutions for Volume 
Programmable Logic 


So you have discovered the convenience and flexibility of 
designing with PAL® devices from Monolithic Memories. You 
have implemented a design using PAL devices, and taken that 
design into production. Now may be the time to consider ways of 
reducing the efforts you put into programming, testing, and 
marking large volumes of PAL devices. Wouldn’t it be more 
convenient if you could be relieved of the duties and costs of 
volume programming and testing and still reap the benefits 
afforded by programmable logic? 

Or perhaps you are considering a semicustom product, but 
you’re a little nervous about going to a gate array. Wouldn’t it be 
preferable if you could find a semicustom product which allows 
easy, inexpensive prototyping, provides fast prototype turn- 
around, comes fully tested, can have a custom marking, has low 
NRE charges, provides design flexibility, and has an assured 
second source? 

Well, Monolithic Memories, the inventor of the PAL device, of- 
fers the logical solutions. ProPAL, HAL, and ZHAL devices 
make the transition from user-programmed devices to cus- 
tomized production-ready devices easy and risk free. 



ProPAL Devices 

ProPAL (Programmed PAL) devices are simply PAL devices 
that Monolithic Memories programs and tests for you. You 
receive a fully functional unit without having to do the program- 
ming and testing. But you still have the flexibility to handle 
design changes easily. 



HAL Devices 

HAL (Hard Array Logic) devices are to PAL devices as ROMs 
are to PROMs. Instead of fuses in the logic array, your pattern is 


implemented using metal links that are masked in during wafer 
fabrication. So your need to program devices is eliminated. And 
because the devices have their functionality masked in. Mono- 
lithic Memories can provide full functional testing before ship- 
ping the product. You can place the devices in your boards with 
a minimum of handling and the highest level of confidence. 

Monolithic Memories offers a HAL device for every PAL device. 
Any PAL device design you program can be implemented in a 
HAL version, allowing you to move smoothly into volume 
production. 



ZHAL Devices 

Monolithic Memories now provides a third alternative for the 
programmable logic user: new Zero-Standby-Power CMOS HAL 
devices. 

For the first time there are HAL devices which can Implement 
any pattern from the Series 20 and Series 24 PAL devices with 
the greatly reduced power consumption only CMOS can offer. 

For high complexity designs reaching into the thousands of 
gates. Zero Power MegaHAL™ devices provide the natural 
semicustom VLSI alternative to gate arrays. The MegaPAL™ 
devices provide the flexibility and fast design turn-around you 
need for prototyping. Once you are ready for production, the 
CMOS MegaHAL devices provide the same functionality with 
Zero Power. 

All of the ZHAL devices are fully HC/HCT compatible, making 
them easy to use in TTL and CMOS environments. 

Should You Use a PAL, ProPAL, or 
HAL Device? 

PAL devices offer the flexibility and convenience needed for 
prototyping your innovative designs. They provide a means for 
designing an efficient system by integrating functions and 
saving you board space. For flexible production. It makes sense 
to program and test your own PAL devices. This Is especially 
true if you need low volumes per pattern. You always have the 
option of making last minute design tweaks as you fine tune your 
system design. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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2. MMi Will Verify the Design 

Upon receiving your design package, Monolithic Memories will 
enter your design into their computer and verify that there are no 
format or syntax problems. A fuse map will be generated, and 
sample ProPAL devices programmed. 

If any questions are encountered at this stage, they will be re- 
solved with you before any further processing takes place. 


3. MMI Will Check the Samples 

If you have approved immediate production of your devices. 
Monolithic Memories will make a fuse for fuse comparison be- 
tween the samples and the master device you provide. If there 
are no discrepancies, test generation will be started immediately 
(or upon receipt of your purchase order). 

If you prefer to see programmed sample ProPAL devices prior to 
initiating production. Monolithic Memories can provide them for 
your approval before proceeding further. Sample approval is 
also needed when no master devices are provided or when a 
discrepancy is found during verification. 


4. MMI Will Generate Test Vectors 

A functional test sequence is generated using TGEN™, a 
proprietary software package. Any seed vectors you provide will 
be used to help initiate test generation. TGEN will check for 
hazards and race conditions, monitor fault coverage and sys- 
tematically add vectors until test coverage goals are met. 

Monolithic Memories has a test quality standard that sets as a 
minimum goal 90% coverage of all stuck-at faults. Lower 
coverage patterns can sometimes be processed as HAL 
devices, or it is possible to handle them as ProPAL devices only, 
but your approval will be needed. If acceptable coverage cannot 
be obtained, ways of increasing the testability of the design may 
have to be considered before Monolithic Memories can process 
the pattern. 

For more detail on exactly how the test coverage is determined, 
refer to the article “PAL Design Function and Test Vectors” in 
the Monolithic Memories Programmable Logic Handbook. 

When suitable test coverage is obtained, as is normally the 
case, there is no need for you to be involved with vector genera- 
tion. If, however, you wish to approve the test vectors before 
production units are generated, the vectors will be made avail- 
able to you. 


5. MMI Will Generate Production Units 

After an acceptable test sequence has been generated. Mono- 
lithic Memories will generate the appropriate HAL or ZHAL mask 
and build the devices. Or, in the case of a ProPAL device. Mono- 
lithic Memories will arrange to program and test blank units. 


PAL, HAL, and PALASM are registered trademarks of Monolithic Memories, Inc. 
ProPAL, ZHAL, MegaPAL, MegaHAL and TGEN are trademarks of Monolithic 
Memories, Inc. 

ABEL is a trademark of Data I/O Corp. 

DEG, RSX, VAX, and VMS are registered trademarks of Digital Equipment Corp. 
IBM PC is a trademark of International Business Machines, Inc. 


Having Your Devices Marked 

The standard Monolithic Memories mark consists of the device 
type, the package type, the date code, and the Monolithic 
Memories logo. 

If you wish, you can have the standard marking replaced by a 
custom marking. The logo and date code are standard, but any 
other markings can be as you desire. The character and line 
limitations for the most common packages are In Table 1 . 

If the package you want is not listed, your local representative 
can help you determine the guidelines you need. 

Whom to Contact 

When you are ready to put the power of the Monolithic Memories 
factory to work for you, just contact your local Monolithic 
Memories sales representative. And let Monolithic Memories 
take care of your production programming, testing, and marking 
needs. 


Table 1. 


PLASTIC 

20 pin (300 mil) 

24 pin (300 mil) 

2 lines/13 characters per line 

2 lines/1 7 characters per line 

CERDIP 

20 pin (300 mil) 

24 pin (300 mil) 

2 lines/1 6 characters per line 

2 lines/17 characters per line 

PLCC 

20 lead 

28 lead 

4 lines/11 characters per tine 

5 lines/12 characters per line 
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Zero Power 

CMOS Hard Array Logic 
ZHAL" 20A Series 

Patent Pending 


Features/ Benefits 

• Zero Standby power 

• 25-ns maximum propagation deiay 

• HC and HCT compatibie 

• Space saving PLCC avaiiabie 

• Low power aiternative for Smaii and Medium 20-pin PAL® 
devices, inciuding 16L8/16R8/16R6/16R4 


Description 

The Zero Power Hard Array Logic (ZHAL) devices are ideal in 
low-power applications that require high-speed operation. 
These attributes are achieved through the use of Monolithic 
Memories’ advanced high-speed CMOS process. Now system 
designers have the option of using a ZHAL device that matches 
fast PAL device speeds, but with the added advantage of zero 
standby power. These features are ideal for power-critical areas 
such as portable digital equipment or lap-top computers. 

This family of ZHAL devices utilizes a unique architecture that is 
designed for a high degree of flexibility in implementing most 
patterns of the listed 20^pin PAL/HAL® devices. Prototyping can 
be done using standard PAL devices before converting to ZHAL 
circuits for production. ZHAL devices are fabricated by Mono- 
lithic Memories with custom metallization masks defined by a 
user-supplied HAL Design Specification. 

The procedures for designing with Monolithic Memories’ ZHAL 
devices are shown in the flow chart on page 8. The ZHAL20 
option In the PALASM®2 CAD package will confirm whether a 
design specification will fit within the ZHAL20 architecture. For 
more information on the ZHAL20 software, refer to the PALASM 
2 User Manual. For more information on the ZHAL device 
generation flow, see the Monolithic Memories brochure 
“ProPAL™, HAL®, and ZHAL Devices.” 

For evaluation of the ZHAL20A circuit, sample patterns are 
available. See page 6 for details. 


Ordering Information 


PART NUMBER 

PACKAGE 

ARRAY 

OUTPUTS 


COMB 

REG 

ZHAL10H8A 


10 

8 

— 

ZHAL12H6A 


12 

6 

— 

ZHAL14H4A 


14 

4 

— 

ZHAL16H2A 


16 

2 

— 

ZHAL16C1A 

N, NL 

16 

2 

— 

ZHAL10L8A 


10 

8 

— 

ZHAL12L6A 


12 

6 

— 

ZHAL14L4A 


14 

4 

— 

ZHAL16L2A 


16 

2 

— 

ZHAL16L8A 


16 

8 

— 

ZHAL16R8A 

N,NL 

16 

— 

8 

ZHAL16R6A 

16 

2 

6 

ZHAL16R4A 


16 

4 

4 

ZHAL16P8A 


16 

8 

— 

ZHAL16RP8A 

N,NL 

16 

— 

8 

ZHAL16RP6A 

16 

2 

6 

ZHAL16RP4A 


16 

4 

4 


ZHAL16L8A I N STD H01234 


ZERO- 
POWER 
HARD ARRAY 
LOGIC 


NUMBER OF—' 
ARRAY INPUTS 


OUTPUT TYPE — ' 

L = Active Low 
H = Active High 
P = Programmable 
Polarity 

C = Complementary 
R = Registered 
RP = Registered 
Programmable 
Polarity 


- PATTERN 
NUMBER 


- PROCESSING 
STD = Standard 


- PACKAGE 

N = Plastic DIP 
NL = Plastic Leaded 
Chip Carrier 


TEMPERATURE RANGE 
C = 0°C to +75°C 
I =-40°Cto+85°C 


SPEED 

A = High Speed 

NUMBER OF 
OUTPUTS 


PAL®, HAL®, and PALASM® are registered trademarks of Monolithic Memories. 

ZHAL™ and ProPAL™ are trademarks of Monolithic Memories. TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, G A 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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ZHAL20A Series 


ZHAL10H8A 


ZHAL12H6A 


ZHAL14H4A 


ZHAL16H2A 


ZHAL16C1A 



ZHAL10H8A 


ZHAL12H6A 


BSIHiHIliiliSHHHHJx! 

.OlEEIIOIIEIIElil^BiQiailiminSIEEll 


ZHAL14H4A 


igiHlnlgglEi 


INPUT 

AND ACTIVE 

OR high 

LOGIC OUTPUT 

ARRAY CELLS 


ZHAL16H2A 


ZHAL16C1A 


!| 

|□|^!!l|ED|!EP 


1 1 Inira I I ' 




Plastic Chip Carrier 


Plastic Chip Carrier Plastic Chip Carrier Plastic Chip Carrier 


niHiSji 

□ieE]imi[E|[Ei 


Plastic Chip Carrier 


ZHAL10L8A 


ZHAL12L6A 


ZHAL14L4A 


ZHAL16L2A 



ZHAL10L8A 



ZHAL12L6A 


^ EllBfnMM 

assail 



Plastic Chip Carrier 


%mi3n!El30® 


Plastic Chip Carrier 



ZHAL14L4A 




INPUT 

AND ACTIVE 

OR LOW 

LOGIC OUTPUT 

ARRAY CELLS 


□ieEimi[Ei(E] 


Plastic Chip Carrier 


ZHAL16L2A 



Plastic Chip Carrier 
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BIEIBIBIB 


ZHAL20A Series 


ZHAL16L8A ZHAL16R8A ZHAL16R6A ZHAL16R4A 



ZHAL16L8A 


ZHAL16R8A 


ZHAL16R6A 


ZHAL16R4A 



ZHAL16P8A 


ZHAL16RP8A 


ZHAL16RP6A 


ZHAL16RP4A 



Plastic Chip Carrier 


Piastic Chip Carrier 


Piastic Chip Carrier 


Piastic Chip Carrier 
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ZHAL20A Series 


Operating Conditions 


SYMBOL 

PARAMETER 

INDUSTRIAL 
MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vec 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

»w 

Width of clock 

16R4A, 16R6A, 16R8A, 

16RP4A, 16RP6A, 16RP8A 

15 10 

15 10 

ns 

^SU 

Setup time from 

input or feedback to clock 

20 13 

20 13 

ns 

th 

Hold time 

0 -10 

0 -10 

ns 

Ta 

Operating free-air temperature 

-40 25 85 

0 25 75 

oc 


Eiectricai Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

ViL^ 

Low-level input voltage 


0 0.8 

V 

V|h' 

High-level input voltage 


O 

O 

> 

CM 

V 

l|L 

Low-level input current 

Vcc=MAX V| =GND 

-1 

mA 

l|H 

High-level 
input current 

Pin 82 

Vcc=MAX V, =Vcc 

1 10 

aA 

All other pins 

1 

mA 

VoL 

Low-level output voltage 

Vcc=MIN 

Iql ~ ® 

0.1 0.4 

V 

0 
O 

II 

01 
< 

IqL = 1 /xA 

0.05 

VqH 

High-level output voltage 

Vqq = MIN 

■oh "" 

3.762 4.1 

V 

Vcc=5V 

IoI_I = -1mA 

4.95 

'OZL^ 

Off-state output current 

Vqc - max 

Vq =gnd 

0 -10 

mA 

'OZH^ 

II 

< 

o 

o 

0 10 

mA 

'cc 

1 

Standby supply current^ 

Iq - 0 mA, Vj = GND or Vqq 

0 100 

mA 

Operating supply current 

f = 1 MHz, Iq = 0 mA, Vj = GND or Vqq 

2 5® 

mA 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 
(See Test Load) 

INDUSTRIAL 
MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

tpD 

Input or feedback to output 

10H8A, 12H6A, 14H4A, 16H2A, 
16G1A, 10L8A, 12L6A, 14L4A 

16L2A, 16L8A, 16R6A, 16R4A, 

16P8A, 16RP6A, 16RP8A 



15 

25 


15 

25 

ns 

*CLK 

Clock to output or feedback 

16R4A, 16R6A, 16R8A, 

16RP4A, 16RP6A, 16RP8A 

Rl = 1 Kfl 

Cl = 50 pF 


10 

15 


10 

15 

ns 

tpzx 

Input to 
output enable 

16L8A, 16R4A, 
16R6A, 16P8A, 
16RP4A, 16RP6A 


12 

25 


12 

26 

ns 

‘PXZ6 

Input to 
output disable 



14 

25 


14 

25 

ns 

*PXZ® 

*PZX 

Pin 11 
to output 
disable/enable 

16R4A, 16R6A, 
16R8A, 16RP4A, 



■■2 

15 


12 

15 

ns 

^MAX 

Maximum 

frequency 

16RP6A, 16RP8A 


28.5 

40 


28.5 

40 


MHz 


Notes: Apply to electrical and switching characteristics. 

1 . These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test 
these values without suitable equipment. 

2. Pin 8 (PRELOAD pin). Applies to all devices whether registered or non-registered. 3. JEDEC standard no. 7 for high-speed CMOS devices. 

4. Disable output pins = Vqq or GND. 5. Add 3 mA per additionaM.O MHz of operation over 1 MHz. 6. Ci_ = 5 pF. 
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ZHAL20A Series 







ZH AL20A Evaluation #3 


Features/Benefits 

• Demonstrates all features of ZHAL20A product 

• 4-bit up/down counter with reset 

• 3-bit shifter 

• 25-ns maximum propagation delay 

• Zero standby power 


Description 

The ZHAL20A Evaluation Pattern is provided as an example of 
the features and characteristics of the ZHAL20A Series products. 

This design consists of two functionally independent patterns: a 
4-bit up/down counter and a 3-bit shifter. The 4-bit counter can 
count up or count down and has reset capability. These features 
are controlled by two control signals: UP and CNTRSET (Count 
Reset). When UP is high, the counter counts up. When UP is low, 
the counter counts down. CNTRSET overrides the count 
function and resets the counter to all ones, synchronous with the 
clock. 

The 3-bit shifter shifts data bits by 0, 1 or 2 positions. The three 
bits of the shifter are enabled when EN (enable) is high, and are 
disabled (high-Z) when EN is low. 

The PALASM®2 software file and simulation results are shown 
on the next page. Below are the function tables that summarize 
the functions of the counter and the shifter. 


Logic Symbol 


ZHAL16R4A 



Counter Function Tabie Shifter Function Tabie 


EN 

11 

10 

Y2 

Y1 

YO 

OPERATION 

L 

X 

X 

Z 

Z 

Z 

High-Z 

H 

L 

L 

D2 

dT 

DO 

No operation 

H 

L 

H 

DO 

D2 

dT 

Shift by one 

H 

H 

L 

dT 

DO 

D2 

Shift by two 


OE 

UP 

CNTRSET 

CLK 

03-00 

OPERATION 

H 

X 

X 

X 

z 

High-Z 

L 

H 

L 

t 

Q plus 1 

Increment 

L 

L 

L 

t 

Q minus 1 

Decrement 

L 

X 

H 

t 

High 

Reset 


H = HIGH voltage level 

L = LOW voltage level 

X = Don’t care 

Z = High impedance (off) state 

t = LOW-to-HIGH clock transition 
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ZHAL20A Series 


ZHAL 20A Device Generation Fiow 


CUSTOMER 



Monolithic lulIUI Memories 


6-13 














HAL/ProPAL CHECKLIST 


Company name: 
Address: 


Contact: Phone Number: 


Do you want: HAL ProPAL ZHAL 

Part Type: Customer Part Number: 

What package type do you want? 

How do you want the devices marked? 

— Standard 

— Custom mark: please specify the mark below 

Refer to page 6-5 


For ProPAL devices, do you want the security fuse blown? 


Design Specification Format: 

PALASM _PALASM2 _ABEL 

Input medium: 1. 9-track Magnetic_Tape 2. Floppy_Disk 

(Choose 1 of 3) card image _ RT-1 1 

files-11 RSX-11M 

__ VAX VMS backup _ IBM PC 

3. PALASM printout (signed and dated) 


The following items are requested but not required. Please check If provided: 

Seed vectors 

Master PAL device 


OPTIONS 

A I want to start production immediately 

(or upon submittal of purchase order) If: 

1 . Design is acceptable; 

2. MM I samples match my master device fuse 
for fuse; 

3. Minimum test coverage goals are met. 

(Master device must be provided.) 


Please complete this form for each pattern submitted to Monolithic Memories, and include it in your design package. 

Submitted by: Date: 

Title: 


B I want to verify the MM I generated sample devices prior to 

production implementation. 

I want to approve the test vectors prior 

to production implementation. 
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System Building Blocks/HMSI Selection Guide 


FUNCTION 

PART NUMBER 

8-Bit Counter 

SN54/74LS461A 

8-Bit Up/Down Counter 

SN54/74LS469A 

10-Bit Counter 

SN54/74LS491A 

16:1 Mux 

SN54/74LS450 

Dual 8:1 Mux 

SN54/74LS451 

Quad 4:1 Mux 

SN54/74LS453 

Increment and Skip Counter 

671492 

2-Digit BCD Counter 

671493 

8-Bit Priority Encoder 

5/671494 

with Register 


MonolHhloX^MemorlBs 7-3 






8-Bit Counter 

SN54/74LS461A 


Features/ Benefits 

• 8-bit counter for microprogram-counter, DMA-controlier 
and generai-purpose counting appiications 

• 8 bits match byte boundaries 

• Bus-structured pinout 

• 24-pin SKiNNYDiP® saves space 

• Three-state outputs drive bus iines 

• Low-current PNP inputs reduce ioading 

• Expandabie in 8-bit increments 


Description 

The ’LS461 A is an 8 -bit synchronous counter with parallel load, 
clear, and hold capability. Two function select inputs (iO, 11) 
provide one of four operations which occur synchronously on 
the rising edge of the clock (CK). 

The LOAD operation loads the inputs i(D7-D0) into the output 
register (Q7-Q0). The CLEAR operation resets the output 
register to all LOWs. The HOLD operation holds the previous 
value regardless of clock transitions. The INCREMENT opera- 
tion add£^one to the output register when the carry-in input is 
TRUE (Cl = LOW), otherwise the operation is a HOLD. The 
carry-out (CO) is TRUE (CO = LOW) when the output register 
(Q 7 -Q 0 ) is all HIGHs, otherwise FALSE (TO = HIGH). 

The data outgut pins are enabled when OE Is LOW, and disabled 
(Hl-Z) when OE is HIGH. The output drivers will sink the 24 mA 
required for many bus interface standards. 

Two or more ’LS461 A 8 -blt counters may be cascaded to provide 
larger counters. The operation codes were chosen such that 
when II is HIGH, 10 may be used to select between LOAD and 
INCREMENT as in a program counter (JUMP/INCREMENT). 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

SN54LS461A 

JS, W, 28L 

Mil 

SN74LS461A 

NS, JS 

Com 


Logic Symboi 


DATA 

IN 


ck[T 

— 

— 

^ — 

^vcc 


10 1^ 

— 


r— - 

HI Cl CARRY IN 

do|T 

— 

10 V Sr 

DO CK ^0 

— 

^QO 


di[7 

— 

D1 

01 

— 

^01 


D2[r 

— 

D2 

Q2 

— 

^02 


osfT 

— 

8 

D3 bit 03 

— 

23|o3 

DATA 

D 4 QI 

— 

CNTR 

D4 Q4 

— 

TbJq^ 

OUT 

DsfT 

— 

D5 

05 

— 

]3q5 


D6[7 

— 

D6 

OS 

— 

1^06 


D7[l0 

— 

D7 07 

II DECO 

— 

2^07 


ll|]T 

— 

ZP 


21 CO CARRY OUT 

GNd[i2 







Function Table 


OE 

CK 

11 

IO 

Cl 

D7-D0 

Q7-Q0 

OPERATION 

H 

* 

★ 

* 

* 

* 

Z 

Hl-Z* 

L 

t 

L 

L 

X 

X 

L 

CLEAR 

L 

t 

L 

H 

X 

X 

Q 

HOLD 

L 

t 

H 

L 

X 

D 

D 

LOAD 

L 

t 

H 

H 

H 

X 

Q 

HOLD 

L 

t 

H 

H 

L 

X 

Q plus 1 

INCREMENT 


* When 5 e is HIGH, the three-state outputs are disabled to the high-impedance 
states; however, sequential operation of the counter is not affected. 


SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 

2175 Mission College Bivd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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vcc 


Cl 


QO 


Q1 


Q2 


Q3 


04 


05 


06 


07 


CO 


OE 




























SN54/74LS461A 


Absolute Maximum Ratings 


Supply voltage Vqq 7 V 

Input voltage 5.5 V 

Off-state output voltage 5.5 V 

Storage temperature -65° to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYPt MAX 

COMMERCIAL 
MIN TYPt MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125* 

0 75 

°c 

tw 

Width of clock 

Low 

35 15 

25 15 

ns 

High 

20 7 

15 7 

^su 

Setup time 

40 20 

30 20 

ns 

th 

Hold time 

0 -15 

0 -15 


* Case temperature 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

V|L** 

Low-level input voltage 


0.8 

V 

V|H** 

High-level input voltage 


2 

V 

V|c 

Input clamp voltage 

Vqc = MIN 

l| =-18mA 



-0.8 

-1.5 

V 

l|L 

Low-level Input current 

Vcc = MAX 

V| = 0.4V 



-0.02 

0.25 

mA 

l|H 

High-level input current 

Vcc = max 

V| = 2.4V 


25 

fj,A 

l| 

Maximum input current 

Vcc = max 

V| = 5.5 V 


1 

mA 

VoL 

Low-level output voltage 

Vcc = min 

V|L =0.8V 

V|H =2V 

Mil 

lOL ~ “^2 mA 


0.3 

0.5 

V 

Com 

lOL = 24 mA 


Vqh 

High-level output voltage 

Vcc = min 

V|L =0.8V 

V|H =2V 

Mil 

lOH = -2 mA 

2.4 

2.8 


V 

Com 

lOH = -3.2 mA 


IQZL 

Off-state output current 

Vcc = max 

V|L =0.8V 

1 V|H =2V 

Vo =0.4V 

-100 

mA 

IQZH 

Vo =2.4V 

100 

'OS 

Output short-circuit current* 

Vcc = 5.0 V 


< 

O 

11 

o 

< 

-30 

-70 

-130 

mA 

'cc 

Supply current 

vcc^max 


140 

180 

mA 


* No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

* *V||_ and ViH parameters are, in effect, input conditions of D.C. and functional output I All typical values are at Vcn = 5 V, Ta = 25“C. 

tests are not directly tested. V|l is specified at <0.8 V and V|(_| is specified at >2.0 V. 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 
(See Test Load/Waveforms) 

MILITARY 

MIN TYPt max 

COMMERCIAL 
MIN TYPt max 

UNIT 

fMAX 

Maximum clock frequency* 

Commercial 

16.6 

25 

MHz 

tPD 

Cl to CO delay 

Rl=200n 

15 

35 


15 

25 

ns 

tCLK 

Clock to 0 

R2 = 390n 

10 

25 


10 

15 

ns 

tPD 

Clock to CO 

Military 

25 

60 


25 

40 

ns 

tpzx 

Output enable delay 

Rl=390a 

11 

25 


11 

20 

ns 

tpxz 

Output disable delay 

R2 = 750n 

10 

25 


10 

20 

ns 


1 . tpD is tested with switch Si closed. Cl = 50 pF and measured at 1 .5 V output level. 

2. tpzx is measured at the 1.5 V output level with Cl = 50 pF. Si is open for high 
impedance to‘'1'’ test, and closed for high impedance to “0” test. 

*PXZ is tested with Cl = 5 pF, Si is open for “1” to high impedance test, measured 
at Vqh "0-5 V output level; Si is closed for “0” to high impedance test measured at 
Vql ■'■0-5 V output level. 


7"6 MonoHthicwSul Memories 


fMAX is derived from: 1 /MAX [(tgu + th), (Low) + W (High)- ^CLKI- 

Test Load 


OUTPUT 


The “Test Point” is 
driven by the outputs 
under test, and observed 
by instrumentation 



0TEST* POINT 












SN54/74LS461A 


Application 


16-Bit Counter 









8-Bit Up/Down Counter 

SN54/74LS469A 


Features/ Benefits 

• 8-bit up/down counter for microprogram-counter, DMA- 
controller and general-purpose counting appiications 

• 8 bits match byte boundaries 

• Bus-structured pinout 

• 24-pin SKINNYDIP® saves space 

• Three-state outputs drive bus lines 

• Low-current PNP inputs reduce loading 

• Expandable in 8-bit increments 


Description 

The ’LS469A is an 8-bit synchronous up/down counter with 
parallel lo ad an d hold capability. Three function-select inputs 
(LD, UD, CB I ) provide one of four operations which occur 
synchronously on the rising edge of the clock (CK). 

The LOAD operation loads the inputs (D7-D0) into the output 
register (Q7-Q0). The HOLD operation holds the previous value 
regardless of clock transitions. The INCREMENT operation 
adds one to the output register when the carry-in input is TRUE 
(OBI = LOW), and the up/down control line (U P) is L OW, oth- 
erwise the operation is a HOLD. The carry-out (CBO) is TRUE 
(CBO = LOW) wh en th e output register (07-00) is all HIGHs, 
otherwise FALSE (CBO = HIGH). The DECREMENT operation 
subtracts one from the output register when the borrow-in input 
is TRUE (OBI = LOW), and the up/down control line (UD) is 
HIGH , otherwis e the operation is a HOLD. The borrow-out 
(CBO) is TRUE (CBO = LOW) when t he output register (07-00) 
is all LOWS, otherwise FALSE (CBO = HIGH). 

The data out^pins are enabled when OE Is LOW, and disabled 
(Hl-Z) when OE is HIGH. The output drivers will sink the 24 mA 
required for many bus-interface standards. Two or more ’LS469A 
8-bit up/down counters may be cascaded to provide larger 
counters. 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

SN54LS469A 

JS, W, 28L 

Mil 

SN74LS469A 

NS, JS 

Com 


Logic Symbol 


DATA 

IN 



Function Table 


OE 

CK 

LD 

UD 

CBI 

D7-D0 

Q7-Q0 

OPERATION 

H 

* 

* 

* 

★ 

★ 

Z 

Hl-Z* 

L 

t 

L 

X 

X 

D 

D 

LOAD 

L 

t 

H 

L 

H 

X 

Q 

HOLD 

L 

t 

H 

L 

L 

X 

Q plus 1 

INCREMENT 

L 

t 

H 

H 

H 

X 

Q 

HOLD 

L 

t 

H 

H 

L 

X 

Q minus 1 

DECREMENT 


* When OE is H IGH , the three-state outputs are d isabled to the h igh-i mpedance 
state; however, sequential operation of the counter is not affected. 


SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 

2175 Mission College Bivd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54/74LS469A 


Absolute Maximum Ratings 

Supply voltage Vqq 7.0 V 

Input voltage 5.5 V 

Off-state output voltage 5.5 V 

Storage temperature -65° to +1 50° C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYPt MAX 

COMMERCIAL 
MIN TYPt max 

UNIT 

Vcc 

Supply voltage 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Ta 

Operating free-air temperature 

-55 


125* 

0 


75 

°c 

w 

Width of clock 

Low 

35 

15 


25 

15 


ns 

High 

20 

7 


15 

7 


tsu 

Setup time 

40 

20 


30 

20 


ns 

th 

Hold time 

0 

-15 


0 

-15 



* Case temperature 

Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

V|L** 

Low-level input voltage 


0.8 

V 

V|H** 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = min If = -18 mA 

-0.8 -1.5 

V 

l|L 

Low-level input current 

Vcc = max V|=0.4V 

-0.02 0.25 

mA 

l|H 

High-level input current 

Vcc = max V| = 2.4 V 

25 

nk 

l| 

Maximum input current 

Vcc = max 

V| = 5.5 V 

1 

mA 

VOL 

Low-level output voltage 

Vcc = min 

V|L =0.8V 

V|H =2V 

Mil IOL=12mA 

0.3 0.5 

V 

Com Iql = 24 mA 

VOH 

High-level output voltage 

Vcc = min 

V|L =0.8V 

V|H =2V 

Mil IOH = “2mA 

2.4 2.8 

V 

Com I OH = “3.2 mA 

lOZL 

Off-state output current 

Vcc = max 

V|L =0.8V 

V|H =2V 

Vo = 0.4 V 

-100 

mA 

lOZH 

Vo =2.4V 

100 

iQS 

Output short-circuit current* 

VCC = 5.0V Vo =0V 

-30 -70 -130 

mA 

icc 

Supply current 

Vcc = max 

140 180 

mA 


* No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

* *V||_ and V||_j parameters are, in effect, input conditions of D.C. and functional output t All typical values are at Vqq = 5 V, T/^ = 25°C. 

tests are not directly tested. V|i_ is specified at <0.8 V and V|h is specified at >2.0 V. 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 
(See Test Load/Waveforms) 

MILITARY 

MIN TYPt max 

COMMERCIAL 
MIN TYPt MAX 

UNIT 


Maximum clock frequency* 

Commercial 

16.6 

25 


BSSBI 

Cl to CO delay 

R1 = 200 a 

15 

35 


15 

25 


Hsm 

Clock to Q 

a 

8 

CO 

II 

CM 

DC 

10 

25 


10 

15 



Clock to CO 

Military 

25 

60 


25 

40 



Output enable delay 

R1 = 390 n 

11 

25 


11 

20 


mESSM 

Output disable delay 

R2 = 750 n 

10 

25 


10 

20 



1. tpp is tested with switch S-| closed. Cl = 50 pF and measured at 1.5 V output level. 

2. tp2x is measured at the 1.5 V output level with Cl = 50 pF. S-j is open for high 
impedance to“1” test, and closed for high impedance to “0” test. 

3. tpxz is tested with Cl = 5 pF. S-] is open for “1" to high impedance test, measured 
at Vqpi -0.5 V output level; Si is closed for “0” to high impedance test measured at 
Vql + 0-5 V output level. 


7-10 MonolitMoV^ memories 


fMAX is derived from: 1/MAX [(tgu + th), t^ (Low) + W (High). tCLKl- 

OUTPUT Notes; 


Test Load 


The Test Point” is 
driven by the outputs 
under test, and observed 
by instrumentation 


I pV 

J_ R: 
■ 


R1 SI 


0TEST* POINT 
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Application 


16-Bit Up/Down Counter 
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1 0-Bit Counter 

SN54/74LS491 A 


Features/ Benefits 

• CRT vertical and horizontal timing generation 

• Bus-structured pinout 

• 24-pin SKINNYDIP® saves space 

• Three-state outputs drive bus lines 

• Low-current PNP inputs reduce loading 


Ordering Information 


PART 

NUMBER 

TEMP 

PACKAGE 

DESCRIPTION 

SN54LS491A 

Mil 

JS,W,L(28) 

10.5 MHz Counter 

SN74LS491A 

Com 

NS,JS,NL(28) 

25 MHz Counter 


Description 

The ’LS491/A is a 10-bit up/down counter with set, load and 
hold capabilities for two LSB, two MSB and six middle bits that 
are HIGH or LOW as a group. Five control inputs (SET, LD, 
CNT, CIN and UP) provide one of five operations which occur 
synchronously on the rising edge of the clock (CK). 

The SET operation sets the output register (Q9-Q0) to all 
HIGHs. The LOAD operation loads the inputs (D9-D0) i nto th e 
register. Whe n COUNT or CARRY IN are not asserted (CNT = 
HIGH or CIN = HIGH), the HOLD operation holds the previous 
value regardless of clock transitions. The COUNT UP opera- 


tion adds one to the output of the register when the count up 
input is asserted (UP = LOW). The COUNT DOWN operation 
subtractsone from the output register when the count up input 
is not asserted (UP = HIGH). SET overrides both LOAD and 
COUNT, LOAD overrides COUNT, and COUNT is conditional 
on CARRY IN. 

The data output pins are enabled when OE is LOW, and dis- 
abled (Hl-Z) when OE is HIGH. The 24-mA Iql outputs are 
suitable for driving RAM/PROM address lines in video gra- 
phics systems. 


Logic Symbol 


Function Table 


OE 

CK 

SET 

LD 


ON 

UP 

D9-D0 

Q9-Q0 

OPERATION 

H 



★ 

* 

* 


* 

Z 

Hl-Z* 

L 

t 

H 

X 

X 

X 

X 

X 

H 

SET all HIGH 

L 

t 

L 

L 

X 

X 

X 

D 

D 

LOADD 

L 

t 

L 

H 

H 

X 

X 

X 

Q 

HOLD 

L 

t 

L 

H 

L 

H 

X 

X 

Q 

HOLD 

L 

t 

L 

H 

L 

L 

L 

X 

Q plus 1 

COUNT UP 

L ! 

T 

L 


L 

L 

H 

X 

Q minus 1 

COUNT DN 


* When OE is HIGH, the three-state outputs are disabled to the high-inpedance 
states, however, sequential operation of the counter is not affected. 


DATA 

IN 


SN54/74LS491A 


CK ^ - 
D0 ^ - 
D1 [T - 
D2-7 |T - 
D8 |T - 
D9 [T - 
LD |T - 
CFif [T - 
Op[T - 
SET [10 - 

CiNfTT- 

GNd[i2 


DO CK Q0| 

D1 Q1 

D2-7 Q2 

D8 Q3 

10 

D9 bit Q4 
CNTR 


LD 
CNT 
UP 
SET 
ON , 


vcc 

QO 
Q1 
^ Q2 
2 ^ Q3 
Q4 

T||q5 
73 Q6 
^ Q7 
^ Q8 
14 ] Q9 


DATA 

OUT 


SKINNYDIP® and PAL® are registered trademarks of Monolithic Memories. 

TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54/74LS491A 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


7V 

5.5 V 

5.5 V 

-65®Cto +150®C 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

COMMERCIAL 

TYPt 

MAX 

UNIT 

Vcc 

Supply voltage 

4.75 

5 

5.25 

V 

Ta 

Operating free-air temperature 

0 


75 

°c 

tw 

Width of clock 

High 

15 

7 


ns 

Low 

25 

15 


^su 

Setup time 

30 

20 


ns 

th 

Hold time 

0 

-15 


ns 


Electricai Characteristics Over Operating Conditions 


SYMBOL 



PARAMETER 

TEST CONDITIONS 

MIN TYPt max 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN l| =-18mA 

-1.5 

V 

l|L 

Low-level input current 

Vcc=MAX V| = 0.4V 

0.25 

mA 

l|H 

High-level Input current 

Vcc=MAX V| = 2.4V 

25 

lik 

h 

Maximum input current 

Vqq = MAX V, = 5.5V 

1 

mA 

VqL 

Low-level output voltage 

Vqq = MIN 

V|L =0.8V 

V|H =2V 

lOL = 24 mA 

0.5 

V 

I 

o 

> 

High-level output voltage 

|S> 

II II II 

> > > 

lOH = -3-2 mA 

2.4 

V 

IQZL 

Off-state output current 

Vcc = max 

V|L = 0.8 V 

V|H =2V 

Vq = 0.4 V 

-100 

mA 

•OZH 

Vo = 2.4 V 

100 

mA 

•os** 

Output short-circuit current 

> 

o 

II 

O 

> 

> 

LO 

II 

O 

o 

> 

-30 -130 

mA 

'cc 

Supply current 

Vcc=MAX 

120 180 

mA 


* V|L ad ViH parameters are. in effect, input conditions of D.C. and Functional output tests and are not directly tested, V|i_ is specified at ' 0.8 V, 
and V|H is specified at -2 0 V. 

** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second, 
t All typical values are set at Vqq - 5 V, T/^ = 25'" C. 
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SN54/74LS491A 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 
(See Test Load) 

MILITARY 

MIN TYPt MAX 

COMMERCIAL 
MIN TYPt MAX 

UNIT 

^MAX 

Maximum counting frequency** 

Commercial 

R1 =200n 

R2 = 390 a 

Mil 

Rl = 390n 

R2 = 750a 

15.3 

25 

MHz 

‘cLk 

Clock to Q 

10 25 

10 15 

ns 

tpzx 

Output enable delay 

11 25 

11 20 

ns 

vstm 

Output disable delay 

10 25 

10 20 

ns 


* The “Test Point” is driven by the outputs under test, 
and observed by instrumentation. 


** fMAX is cieiived from; 1/MAX [(tgu + th). t^ (High) 1 1 ^ (Low). tcLKl- 

Test Load ^ 5 „ 

S1 


-0 TEST POINT* 


JL CL 


\c < s 1 . tp 0 IS tesled with switch Si closed. Ci_ " 50 pF and measured at 1.5 V output level. 

?. tp2x IS measLiied at the 1.5 V output level with Cl 50 pF. Si is open for high impedance to •'I” test, and closed for high impedance to "O ' test. 

3. tpxz 1^ tested with Cl ' 5 pF. Si is open for "1” to high impedance test, measured at Von -0.5 V output level; Si is closed for"0'’ to high impedance 
test measuied at Vql ^ 0-5 V output level. 



HORIZONTAL ADDRESS 


Timing Analysis: 

Path 1 — Outputs of 74LS491A setting up at PAL16R4A 
inputs 

'PDCK-Q/74LS491A " *SUpALi6R4A= ^5 ns = 40 ns 


overscan the screen to correct horizontal sweep non linearities. 
As a consequence, the horizontal blanking time is increased, 
and the active video time decreased, typically to about 40 ^xsec. 
For the application circuit shown above, over 512 dots (pixels) 
for one line can be displayed; 


Path 2 — Outputs of PALI 6R4 A setting up at 74LS491A 
inputs 


40 jusec per line 
55 ns per pixel per line 


= 727 pixels 


'PDCK-Q/PAL16A * *SU74LS491 A = 

Accordingly, the worst-case timing of the two paths is 55-ns, 
which results in a maximum video dot clock frequency of 18.18 
MHz. Strict interpretation of the 60 Hz field rate NTSC Standard 
suggests that up to 52.1 ^sec of time is available for active- 
raster-line duration. In practice however, most CRT monitors 


Monolithic 


Normally, at least a 10-bit counter is required to provide a video 
timing chain for such resolutions. The 74LS491 A combined with 
a high-speed PAL® (PAL16R4A) iscapableof generating a com- 
plete set of video timing signals. Note that in the application 
circuit, the maximum horizontal count [H MAX (n-1 )] is decoded 
one clock early, due to the 1-level pipelining used to obtain 
circuit speed. 
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16:1 Mux 

SN54/74LS450 


Features/Benefits 

• 24-pin SKINNYDIP® saves space 

• Similar to SN5/74150 

• Low-current PNP inputs reduce loading 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

SN54LS450 

JS, W 

28L 

[Mil 

SN74LS450 

NS, JS 

Com 


Logic Symbol 


Description 

The 16:1 Mux selects one of sixteen inputs, EO through El 5, 
specified by four binary select inputs, A, B, C and D. The true 
data is output on Y and the inverted data on W. Propagation 
delays are the same for both inputs and addresses and are 
specified for 50 pF loading. Outputs conform to the standard 
8 mA LS totem-pole drive standard. 


Function Table 



INPUT 

SELECT 

OUTPUT 

W Y 

D 

C 

B 

A 

L 

L 

L 

L 

EO 

EO 

L 

L 

L 

H 

Ei 

El 

L 

L 

H 

L 

E2 

E2 

L 

L 

H 

H 

E3 

E3 

L 

H 

L 

L 

E4 

E4 

L 

H 

L 

H 

E5 

E5 

L 

H 

H 

L 

E6 

E6 

L 

H 

H 

H 

E7 

E7 

H 

L 

L 

L 

E8 

E8 

H 

L 

L 

H 


E9 

H 

L 

H 

L 

Eio 

EIO 

H 

L 

H 

H 

Eli 

Ell 

H 

H 

L 

L 

Ei2 

El 2 

H 

H 

L 

H 

Ei3 

E13 

H 

H 

H 

L 

Ei4 

El 4 

H 

H 

H 

H 


E15 


SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54/74LS450 


Logic Diagram 


16:1 Mux 
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SN54/74LS450 


Absolute Maximum Ratings 


Supply voltage Vqq 7.0 V 

Input voltage 5.5 V 

Off-state output voltage 5.5 V 

Storage temperature -65° to +1 50° C 


Operating Conditions 



* Case temperature. 


Electricai Characteristics Over Operating Conditions 



















SN54/74LS450 







Dual 8:1 Mux 

SN54/74LS451 


Features/Benefits 

• 24-pin SKINNYDIP® saves space 

• Twice the density of SN5/741S151 

• Low-current PNP inputs reduce loading 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

SN54LS451 

JS. W 

28L 

Mil 

SN74LS451 

NS, JS 

Com 


Description 

The Dual 8:1 Mux selects one of eight inputs, DO through D7, 
specified by three binary select Inputs, A, B and C. The true data 
is output on Y when strobed by S. Propagation delays are the 
same for inputs, addresses and strobes and are specified for 
50 pF loading. Outputs conform to the standard 8 mA LS totem- 
pole drive standard. 

Logic Symbol 


Function Tabie 


INPUTS 

OUTPUTS 

SELECT 

STROBE 

V 

C 

B 

A 

S 


X 

X 

X 

H 

H 

L 

L 

L 

L 

DO 

L 

L 

H 

L 

D1 

L 

H 

L 

L 

D2 

L 

H 

H 

L 

D3 

H 

L 

L 

L 

D4 

H 

L 

H 

L 

D5 

H 

H 

L 

L 

D6 

H 

H 

H 

L 

D7 


IDO 1^ 

1 ^ 

^ 1 

I 3 vcc 



1D1 [T 

a 

IDO 

1D1 A 

— 


1 D2|T 

1 

1D2 

B 

— 


1D3[T 

9 

1D3 

C 

— 


1D4[T 

9 

1D4 

S 

— 


IDS [T 

9 

IDS 

1Y 

— 


IDS [7 

■ 

1D6 

2Y 

— 


1D7^ 

— 

1D7 

2D7 

— 


2Do|T 

— 

2D0 

2D6 

— 



— 

2D1 

2DS 

— 



— 

2D2 2D4 

2D3 

— 


GND [T^ 

, ^ 




SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel; (408) 970-9700 TWX: 910-338-2374 
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Logic Diagram 


Dual 8:1 Mux 



vcc 


A 


B 


C 


S 


1Y 


2Y 


2D7 


2D6 


2D5 


2D4 


2D3 
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SN54/74LS451 


Absolute Maximum Ratings 


Supply voltage Vqq 7.0 V 

Input voltage 5.5 V 

Off-state output voltage 5.5 V 

Storage temperature -65® to +1 50® C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

COMMERCIAL 

MIN NOM MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125" 

0 75 

°c 


* Case temperature. 


Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN l| = -18mA 

-1.5 

V 

l|L 

Low-level input current 

Vcc " max V| = 0.4V 

0.25 

mA 

'iH 

High-level input current 

Vcc " max V| = 2.4V 

25 

mA 

|| 

Maximum input current 

Vcc = max V| = 5.5V 

1 

mA 

VOL 

Low-level output voltage 

Vcc min 

ViL = 0.8V 

V|H -2V 

IqL = 8mA 

0.5 

V 

< 

o 

I. 

High-level output voltage 

Vcc " min 

V||_ -0.8V 

V,H = 2V 

Mil Iqh " "•2mA 

2.4 

V 

Com Iqh " -3.2mA 

•os 

Output short-circuit current* 

Vcc = 5.0V Vq = OV 

-30 -130 

mA 

•cc 

Supply current 

Vcc " MAX 

60 100 

mA 


* No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
■f All typicals values are at Vq 0 = 5 V, Ta = 25° C. 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load) 

MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 


Any input to Y 

C|_ = 50 pF 

R 1 = 560(1 

R2=1.1kn 

25 45 

25 40 

ns 


Test Load 


* The ‘Test Point” is 
driven by the outputs 
under test, and observed 
by instrumentation 



Notes: 1. tp0 is tested with switch S-| closed. Cl = 50 pF and measured at 1.5 V output level. 

2. tp2x 's measured at the 1 5 V output level with Cl = 50 pF. S-] is open for high 
impedance to‘‘1” test, and closed for high impedance to “0" test. 

3. tpxz is tested with Cl = 5 pF. S-) is open for “1" to high impedance test, measured 
at Vqh V output level; S-j is closed for “0” to high impedance test measured at 
Vql + 0 5 V output level. 
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Quad 4:1 Mux 

SN54/74LS453 


F6atures/Benefits 

• 24>pm SKI NN YD IP® saves space 

• Twice the density of SN5/74LS153 

f Low-current PNP inputs reduce ioading 



Description Logic Symbol 

The Quad 4:1 Mux selects one of four inputs, CO through C3, 
specified by two binary select inputs, A and B. The true data is 
output on Y. Propagation delays are the same for inputs and 
addresses and are specified for 50 pF loading. Outputs conform 
to the standard 8 mA LS totem-pole drive standard. 



SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54/74LS4S3 


Absolute Maximum Ratings 


Supply voltage Vqq 7.0 V 

Input voltage 5.5 V 

Off-state output voltage 5.5 V 

Storage temperature -65° to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN NOM MAX 

COMMERCIAL 

MIN NOM MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125* 

0 75 

°c 


* Case temperature. 


Electricai Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = min l| = -18mA 

-1.5 

V 

l|L 

Low-level input current 

Vqq = MAX V| = 0.4V 

0.25 

mA 

l|H 

High-level input current 

Vqq = MAX V| = 2.4V 

25 

mA 

l| 

Maximum input current 

Vqq = MAX V| = 5.5V 

1 

mA 

Vql 

Low-level output voltage 

Vqq = MIN 

V|L = 0.8V 

V|H - 2V 

'OL ~ 8mA 

0.5 

V 

VqH 

High-level output voltage 

Vqq = MIN 

V||_ = 0.8V 

V|H -2V 

Mil Iq^^ = -2 mA 

2.4 

V 

Com IqH = -3:2mA 

'os 

Output short-circuit current* 

Vqq = 5.0V Vq) = OV 

CO 

0 

1 

mA 

'cc 

Supply current 

Vqq = MAX 

60 100 

mA 


* No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
■f All typicals values are at Vqc = 5 V, Ta = 25° C. 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 
(See Test Load) 

MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 


Any input to Y 

C|_ = 50 pF 
=560n 

R2=1.1ka 

25 45, 

25 40 

ns 


Test Load 


* The ‘Test Point” is 
driven by the outputs 
under test, and observed 
by instrumentation 





Notes: 1. tpp is tested with switch S-j closed. Cl - 50 pF and measured at 1.5 V output level. 
Z tp2:x is measured at the 1 .5 V output level with Cl = 50 pF. Si is open for high 
impedance to“1’' test, and closed for high impedance to “0” test. 

3. tpxz is tested with Cl 5 pF. S-| is open for “1” to high impedance test, measured 
at Vqh -0.5 V output level: S-) is closed for "0” to high impedance test measured at 
Vql +0-5 V output level. 
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Increment and Skip Counter 
671492 


Features/ Benefits 

• Octal counter for microprogram counters, DMA controllers, 
and general purpose counting applications 

• Bus-structured pinout 

• 24-pin SKINNYDIP® saves space 

• Low current PNP inputs reduce ioading 

• Expandable in multiples of 8-bits 

• increment by two function can be used as a 
microprogrammed SKIP or Short BRANCH, resulting in 
simplified microprogrammed control structures 

Description 

The Increment and Skip Counter (ISC) is an 8-bit cascadable 
synchronous counter with the ability to be incremented by one 
or two on the rising edge of the clock line CK. All of the control 
inputs are synchronous with respect to CK. 

The LD input initializes the counter with data setup at the D7-D0 
inputs. When the LD pin is HIGH prior to the rising edge of CK, 
data present at the inputs will be stored. If LD is LOW prior to 
clocking, a HOLD operation will take place. The LD pin, though 
synchronous with CK, o perate s inde pendently of the count 
increment control SKIP. When SKIP is HIGH, the counter is 
instru cted to count by one upon clocking. Alternately, when 
SKIP is LOW the counter wiH_ increment by two. To enable 
counting, the Count input line_CI is required to be LOW. In many 
applications of the ISC, the Cl input can be used as a count 
enable/disable control node. 

During the increment by one operation, the Count Output signal 
CO is LOW when the count becomes hexadecimal FF. Similarly, 
CO is LOW for a count of hexadecimal FE during the increment 
by ty^ operation. At all other times, COjs HIGH. Accordingly, 
the CO output can be connected to the Cl input of a succeeding 
counter to expand in multiples of 8-bits. CO is not affected by OE. 

The outputs Q7-Q0 are enabled whe n the output enable control 
OE is LOW. Otherwise, when OE is HIGH, the outputs are 
three-stated. Q7-Q0 are fully buffered, and have 24 mA sink 
current capability, which is required of many bus interface 
standards. 

Block Diagram 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

671492 

NS, JS 

Commercial 


Fkinction liable 


OE 

CK 

LD 

SKIP 

Cl 

D7-D0 

Q7-Q0 

OPERATION 

H 

* 

* 

* 

•k 

* 

* 

Hl-Z* 

L 


H 

X 

X 

D 

D 

Load 

L 


L 

X 

H 

X 

QO 

Hold 

L 


L 

H 

L 

X 

QO+1 

Incr +1 

L 


'^.L ' 

L 

L 

X 

QO+2 

Incr +2 


* When OE is HIGH, Q7-Q0 are disabled to the high-impedance state; 
however, sequential operation of the counter is not affected. 


Pin Configuration 



LD- 

CK- 


^7 ‘'C 

i 


INCR/SKiP 

COUNTER 


Q7-Q0 


■ SKIP 
OE 


SKINNYDIF" is a registered trademark of Monolithic Memories. 

TWX: 910-338-2376 

21 75 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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671492 


Absolute Maximum Ratings 

Supply voltage Vcc 

Input voltage 

Off-state output voltage 

Storage temperature 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 

4.75 

5 

5.25 

V 

Ta 

Operating free air temperature 

0 


75 


•w 

Clock width 

Low 

35 

ns 

High 

25 

^su 

Setup time 

50 

ns 

‘h 

Hold time 

0 

-15 


ns 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

COMMERCIAL 

TYPf 

MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|h‘ 

High-level input voltage 



V 

V|C 

Input clamp voltage 

Vqq = MIN 

1| = -18 mA 

-1.5 

V 

‘IL 

Low-level input current 

Vcc = max 

V| = 0.4V 

-0.25 

mA 

l|H 

High-level input current 

Vcc = max 

V, = 2.4 V 

25 

mA 

h 

Maximum input current 

Vcc = max 

V| = 5.5 V 

1 

mA 

Vql 

Low-level output voltage 

|S> 

II II II 

> > > 

IqI_ = 24 mA 

0.5 

V 

VqH 

High-level output voltage 

Vcc = min 

V|L =0.8V 

V|H =2V 

•oh “ 

2.4 

V 

•OZL 

Off-state output current 

Vcc = max 

V|L =0.8V 

V|H =2V 

Vq = 0.4 V 

-100 

^lA 

'OZH 

Vo = 2.4V 

100 

•os** 

Output short-circuit current** 

Vcc = 5.0 V 

> 

o 

II 

O 

> 

-30 


-130 

mA 

Ice 

Supply current 

Vcc = MAX 


120 

180 

mA 


* V|L and V|h are input conditions of output tests and are not, themselves, directly tested. As conditions of tests, V|l < 0.8 V and V|h > 2.0 V. 
** Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at Vcc = 5 V,Ta = 25° C. 


7V 

.5.5 V 

5.5V 

-65°Cto+150°C 
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671492 


Switching Characteristics over operating conditiens 


SYMBOL 

PARAMETER 

TEST CONDITIONS 
(See test load) 

COMMERCIAL 

MIN TYP MAX 

UNIT 

HHH 

Maximum clock frequency 

Commercial 

Cl = 50 pF 

R 1 = 200 n 

R2=390n 

12.5 

MHz 

B9SIH 

Cl to CO delay 

35 50 

ns 


Clock to Q 

20 30 

ns 


Clock to CO 

55 80 

ns 


Output enable delay 

35 45 

ns 

•pxz 

Output disable delay 

35 45 

ns 


Standard Tsst Load 


5V 



Notes: 1. tpp is tested with switch closed. Cl = 50 pF and measured at 1.5 V output level. 

2. tp 2 x is measured at the 1.5 V output level with Cl = 50 pF. Si is open for high impedance to “1" test, and closed for high impedance to “0” test. 

3. tpxz is tested with Cl = 5 pF. S-j is open for “1” to high impedance test, measured at Vqh “0.5 V output level; is closed for “0” to high impedance 
test measured at Vql V output level. 


7-30 


MonoMMc 



Memories 








671492 








671492 


Application 

The Increment and Skip Counter (ISC) is useful as a micropro- 
gram counter for a Micro-Programmed Control Unit (MCU). A 
block diagram of a general-purpose MCU is shown in Figure 1. 
The ISC, being the central element, provides addresses for 
microprogram memory. This memory is typically built with bipo- 
lar PROMs (such as the 63RS88 shown). However, MOS 
EPROMs and EEPROMs can be used for greater density and 
lower cost, if speed is not particularly an important application 
requirement. 

As shown in Figure 1 , the Interrupt Request Lines position the 
microprogram Start Address through a priority encoder and a 
small (32x8) PROM. The priority encoder serves to reduce as 
many as eight Interrupt Request Lines down to a 3-bit binary- 
weighted field used as the address for the mapping PROM. 
Since only three of the five PROM addresses are used, an 
optional 2-bit field can be applied to the PROM for diagnostics, 
or for task context switching. The Start Address, in conjunction 
with the Branch Address field, are connected to the Next 
Address multiplexer. Hence the Next Address multiplexer can 
select either of the two sources for branch address. The Start 
Address, essentially a forced branch operation, is used when an 
interrupt operation is requested externally to the MCU; whereas 
the 8-bit Branch Address Field, which can have up to 256 words 
of microinstruction memory, is utilized for specific conditional 
branches. 

The Control Field bits represent the control lines to the hardware 
that the MCU controls, These bit fields can either be encoded or 


unencoded. In most microprogrammed systems, the bit fields 
are usually unencoded and connected directly to the specific 
device under control. However, a performance compromise can 
be achieved if all or a portion of the Control Field is encoded. The 
advantage of this technique is that more functions can be con- 
trolled. The trade-off is in conserving the number of microin- 
struction bits allocated to the Control Field, versus the number 
of possible controlled functions. The two techniques are termed 
Horizontal and Vertical microprogramming. Horizontal refers to 
fully parallel operation of the bit fields; whereas. Vertical implies 
some form of bit field encoding. 

The Conditional Control Field selects from among various con- 
dition codes that can cause microprogram branch operations. 
Two kinds of branch operations can be performed in this MCU. 
The conventional branching described previously uses the ISC 
LD line to allow the Branch Address to be loaded. Loading new 
data in the ISC effectively causes the microprogram to branch to 
the next instruction set by the Branch Address. The Skip facility 
can be used to quickly test several conditions, then finally take a 
conventional branch upon exiting all of the tests. If a test is not 
passed, then a single increment occurs. The microinstruction 
sequence can then branch to another part of the program, rather 
than complete the remaining tests. This conditional control 
structure makes complex test operations more manageable 
because the test operations can be unified by +2 offset caused 
by a skip. This contrasts to the longer branch operation, which 
required precomputing all of the target address in the micropro- 
gram for every exit a loop has. 


671492 Increment and Skip Counter 


Application; General Purpose Microprogram Control Unit 


START/INSTR 

ADDRESS 



CONTROL SIGNALS 


7-32 


Monolithic 



Memories 









2-Digit BCD Counter 
871493 


Features/Benefits 

• Drive numeric displays 

• Expansion in 2-digit increments 

• 24-pin SKINNYDIP® saves space 

• Bus structured pinout 

• Low current PNP inputs reduce loading 

• Three-state output drive bus lines 

Description 

The 2-digit BCD (Binary Coded Decimal) Counter is a synchro- 
nous counter with complementary count enables (CE1, CE2), 
parallel load (LD), and carry out (CO). Three control Inputs (LD, 
CE1, CE2) provide one of three operations which occur syn- 
chronously on the rising edge of the clock (CK). 

The load operation loads the inputs (D1 and D2) into the output 
register (Q1 and Q2) when load is LOW. Note that the load line 
overrides the increment. 

When LD Is not active, the counter will increment In a Binary- 
Code d-Decimal sequence if both count enables are asserted 
(CE1 = L and CE2 = H), otherwise it holds. 

Two or more BCD Counters can be cascaded to implement 
larger BCD counters by co nnecting carry out (CO) of the first 
stage to count enable (CE1 ) of the second stage. This signal is 
not affected by OE. 

Parallel loading allows programmability of the BCD Counter 
and numeric Indicator. 

This BCD Counter is ideal In an industrial control application 
where an event counter is needed to drive numeric displays. The 
devicecan receive one countenable in the form of strobes from 
a motor or other device. The second count enable can receive 
the period signal. With connections In this manner, the counter 
counts events during a period. The device will provide two active 
high BCD outputs (Q1 and Q2) to drive two numeric indicators, 
which feature an on-board decoder/d river. 

Block Diagram 


COUNT ENABLE 2 
COUNT ENABLE 1 
LOAD 



CARRY OUT 
■ CLOCK 


■ OUTPUT 
ENABLE 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

671493 

NS, JS 

Com 


Function Table 


OE 

CK 

LD 

CEi 

CE2 

D1A-D1D/ 

D2A-D2D 

Q1A-Q1D/ 

Q2A-Q2D 

OPERATION 

H 

* 

★ 

"T“ 

“7“ 



Hl-Z* 

L 

t 

L 

X 

X 

P 

D 

Load 

L 

t 

H 

H 

X 

X 

Q 

Hold (CE1=H) 

L 

t 

H 

X 

L 

■'■'X; 

P 

Hold (CE2=L) 

L 

1 

H 

L 

H 


Qplust 

Increment 


When QE is HIGH, Q1 and Q2 are disabled to the high-impedance state; 
however, sequential operation of the counter is not affected. 


Pin Configuration 


BCD 

DIGIT 

OUT 



BCD 

DIGIT 

IN 


SKINNYDIP«*> is a registered trademark of Monolithic Memories. MonoUiMo 

TWX: 910-338-2376 " 

2175 Mission College Btvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 ' WmOnWOnGS 
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Absolute Maximum Ratings 

Supply voltage Vcc 

Input voltage 

Off-state output voltage 

Storage temperature 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 

4.75 

.5'. 

5.25 

V 

Ta 

Operating free air temperature 

0 


75 

^ c 

f 

Clock width 

Low 

35 

ns 

% 

High 

25 

^SU 

Setup time 

50 

ns 


Hold time 

0 

-15 


ns 


Electrical Characteristics over operating conditions 


— 

SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

COMMERCIAL 

TYPt 

MAX 

UNIT 

V|L* 

Low-level input voltage 


^).8 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq= MIN 

l| = -18mA 

-1.5 

■'y 

l|L 

Low-level input current 

Vcc = max 

Vj = 0.4 V 

-0.25 

mA 

‘IH 

High-level Input current 

Vcc = max 

V| = 2.4 V 

. 25 ^ 

mA 

ii 

Maximum input current 

Vcc = max 

V| = 5.5V 

■' ' 1 . 

mA 

VqL 

Low-level output voltage 

|S> 

II II II 

o 

> > > 

IOL = 24mA 

0.5 

V 

VqH 

High-level output voltage 

Vcc = min 

V|L =0.8V 

V|H =2V 

lOH ~ -3-2 mA 

2.4 

V 

'OZL 

Off-state output cu rrent 

X > 

< 00 > 
d CM 

Ii II II 

8 

Vo = 0.4V 

-100 

mA 

•OZH 

Vq = 2.4 V 

100 

•os** 

Output short-circuit current** 

Vcc = 5.0 V 

> 

o 

II 

O 

> 

-30 


-130 

mA 

•cc 

Supply current 

Vcc = max 


120 

180 

mA 


* V|L and V|h are, in effect, input conditions of output tests and are not, themselves, directly tested. As conditions of tests, V|l ^ 0.8 V and Vih > 2.0 V. 

Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at Vcc = 5 V, Ta = 25“ C. 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 
(See test load) 

COMMERCIAL 

MIN TYP MAX 

UNIT 

^MAX 

Maximum clock frequency 

Commercial 

CL = 50pF 

R-1 = 200 n 
i R2=390n 

12.5 

MHz 

tpDI 

Clock to Q 

20 30 

ns 

CM 

Q 

CL 

Clock to CO 

55 80 

ns 

*PZX 

Output enable delay 

35 45 

ns 

*PXZ 

Output disable delay 

35 45 

ns 
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671493 


Standard Test Load 


5V 



Notes: 1. tpp is tested with switch S-) closed. Cl = 50 pF and measured at 1,,5 V output level. 

2. tpzx is measured at the 1 .6 V output level with Cl = 50 pF. is open for high impedance to “1” test, and closed for high impedance to “0” test. 

3. tpx2 is tested with Cl = 5 pF. S-| is open for “1” to high impedance test, measured at Vqh “0-5 V output level; S-| is closed for “0” to high impedance 
test measured at Vql V output level. 


Output Timing 



input Timing 


Loading 
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Application: LED Displays 

The Event Counter can be implemented using the 2-Digit BCD 
Counters. The 2-Digit BCD Counters control the display for 
three pairs of LED displays. The 2-Digit BCD Counters count the 
events. 

The displays are controlled by the output enable. These coun- 
ters display the count in 10s, 100s and 1000s respectively. 
These simply count the occurrence of an external event. 


67 1 493 2-Digit BCD Counter 

Application: Event Counter 


+5V +5V +5V 
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8-Bit Priority Encoder 671 494 

with Register 


Features/ Benefits 

• Encodes eight data lines in priority 

• Output enable capability 

• Three-state outputs drive bus lines 


Ordering information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

671494 

N,J 

Com 


Description 

The 8-Bit Registered Priority Encoder accepts data from eight 
inputs (17-10) and provides a binary representation on the three 
outputs (Q2-Q0). A priority is assigned to each input (with 10 
having the highest priority line, and 17 the lowest), so that when 
two or more inputs are simultaneously active, the input with the 
highest priority is load ed into the output registers. Pin 14 serves 
as the interrupt flag (FLAG) and goes LOW when there is an 
interrupt present and remains HIGH when there is not interrupt 
present. The Priority Encoder registers are updated on the rising 
edge of the clock. Th^e^e also features four priority int errupt 
enable lines; El , E2, E3, E4, which enable or disable the FLAG 
output. These enable lines have no effect on the priority outputs 
Q2-Q0. All outputs are HIGH-Z when the output control line 
(OE) is HIGH, and OE operates independently of all other inputs. 


Function Table 


17 

16 

15 


13 

12 

11 

lO 

CLK 


FLAG* 

Q2 

Q1 

QO 

L 

X 

X 

X 

X 

X 

X 

H 

t 

L 

L 

H 

H 

H 

L 

X 

X 

X 

X 

X 

H 

L 

T 

L 

L 

H 

H 

L 

L 

X 

X 

X 

X 

H 

L 

L 

T 

L 

L 

H 

L 

H 

L 

X 

X 

X 

H 

L 

L 

L 

t 

L 

L 

H 

L 

L 

L 

X 

X 

H 

L 

L 

L 

L 

t 

L 

L 

L 

H 

H 

L 

X 

H 

L 

L 

L 

L 

lJ 

t 

L 

L 

L 

H 

L 

L 

H 

T] 

L 

L 

L 

L 

L 

t 

L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

. r 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

t 

L 

H 

H 

H 

H 

£J 

X 

X 

X 

X 

X 

X 

X 

X 

H 

Z 

Z 

Z 

Z 


* Presumes E1 , E2 = HIG H and E3, E4 = LOW. If the states of these four lines 
are different, the FLAG output will be disabled (HIGH), regardless of I0-I7. 


Block Diagram 



Pin Configuration 


CLK fT 


SIvcc 

10 IT 


El 

11 IT 


33^2 

•2[T 


13 QO 

13 IT 


ID 

14 IT 


ID 

15 IT 


j3 fl^ 

16 IT 


ID ^ 

17 [T 


ID ^ 

gnpHo 


ID^ 
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671494 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


7V 

7V 

5.5 V 

-65° C to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

75 

°c 

Tc 

Operating case temperature 


°c 

fw 

Clock width 

Low 

25 10 

ns 

High 

25 10 

^su 

Setup time 

35 15 

ns 

th 

Hold time 

0 

ns 


Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 

MIN TYPt MAX 

UNIT 

V|L* 

Low-level input voltage 


0.8 

V 

V|H* 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = min l| = -18mA 

-0.73 -1.5 

V 

l|L 

Low-level input current 

Vcc = max V| = 0.4V 

-0.02 -0.25 

mA 

l|H 

High-level input current 

Vcc = max V| = 2.4 V 

25 

mA 

l| 

Maximum input current 

Vcc = max V| = 5.5V 

1 

mA 

VOL 

Low-level output voltage 

Vcc = min 

V|l = 0.8V 

V|h = 2V 

lOL = 24 mA 

0.3 0.5 

V 

VOH 

High-level output voltage 

Vcc = min 

V|l = 0.8V 

V|h = 2V 

lOH ” “^-2 

2.4 

V 

lOZL 

Off-state output current 

Vcc = max 

V|l = 0.8V 

V|h = 2V 

Vq = 0.4 V 

-100 

mA 

lOZH 

Vo = 2.4V 

100 

lOS 

Output short-circuit current** 

Vcc = max Vo = 0 V 

-30 -70 -130 

mA 

icc 

Supply current 

Vcc = max, Outputs open 

120 180 

mA 


* V|[_ and V|H are, in effect, input conditions of DC and functional output tests and are not directly tested. 

V|i_ is specified at < 0.8 V and V|H is specified > 2.0 V. 

** Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at Vcc = 5 V, Ta = 25° C. 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 

MIN TYP MAX 

UNIT 

^MAX 

Maximum clock frequency 

Commercial 

CL=50pF 

R-l = 200n 

R2 = 390 n 

16 25 

MHz 

¥lh 

Clock to output delay 

15 25 

ns 

¥hl 

15 25 

N 

CL 

Output enable delay 

15 25 

ns 

¥zh 

15 25 

*PLZ 

Output disable delay 

15 25 

ns 

*PHZ 

15 25 
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671494 


Standard Test Load 


5V 



tpQ is tested with switch Si closed. Cl = 50 pF and measured at 1.5 V output level. 

tpzx is measured at the 1.5 V output level with Cl = 50 pF. Si is open for high impedance to “1” test, and closed for high impedance to “0” test, 
tpxz is tested with Cl = 5 pF. S-] is open for “1” to high impedance test, measured at Vqh -0.5 V output level; Si is closed for “0” to high impedance 
test measured at Vql + 0.5 V output level. 

Output Timing 



Notes; 1. 
2 . 
3. 


Input Timing 
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671494 


Application: 

DMA and Interrupt Arbitration 

The Priority Encoder with Register has several applications in 
systems requiring arbitration among several competing request 
lines. In order to obtain a sufficiently quick response in a real 
time system, access to resources must be ordered, or weighted 
by priority of importance. For example, a computer and its 
peripherals may use a number of interrupt request lines for 
service requests. In some applications, a normal interrupt 
request is processed too slowly, and a faster means of receiving 
or sending data is required. In this situation, direct access to 
system memory could be required, and a DMA Controller used 
to perform the operations in cooperation with the host computer. 
Disk Drives commonly use this technique: if more than one drive 
is in a system, a flexible means of arbitrating DMA requests 
would be required. 

Figure 1 details how a Priority Encoder can be used to construct 
a Priority Interrupt Controller. Note that in this application, the 
inputs can either be DMA or Interrupt requests to the Host 
Computer. In fact, two circuits can be combined in one system to 
accommodate both types of requests. The expansion possibili- 
ties of Figure 1 will be covered after the basic operation of the 
circuit is explained. 

The Interrupt Controller consists of the Priority Encoder,, an 
Interrupt Latch, an Interrupt Level Register, a Comparator, Flip- 
Flop and a single gate. For many applications the Comparator, 
Flip-Flop and gate could be realized in a PAL device, but are 

5/67 1 494 Priority Encoder 
with Register 


shown as separate elements for clarity. The Interrupt Latch can 
be a common 74LS373, or if additional speed is required, a 
74S373 can be used. 

The registers of a Priority Encoder are clocked at a constant rate 
by the l-CLK signal, which means that any of the interrupt 
request lines 17-10 passed on by the interrupt latch are conti- 
nously sampled by l-CLK. The purpose of the interrupt latch is to 
freeze, or lock out, all interrupt requests once a validated inter- 
rupt is sent to the system. 

An interrupt is validated by the 3-bit comparator shown in Figure 
1, and by the Priority Encoder flag signal. A prestored Mask 
Value from the Interrupt Level Register is compared with the 
current value of Q2-Q0, and if the priority code is greater, and if 
FLAG is LOW, the system is informed that an interrupt is needed. 
FLAG normally goes low when any of the 17-10 lines are 
asserted High, if simultaneously all of the Priority Encoder ena- 
bles (El, E2, E3 and E4) are asserted. 

Because of the fact that In a typical system interrupts can occur 
at Irregular intervals, the Interrupt Controller must be capable of 
synchronizing to the cycle timing of the host machine. The 
on-chip registers of the Priority Encoder make possible this 
synchronization activity. The FLAG signal in combination with 
the host system timing, and the Interrupt Latch allows the host 
positive control over the Interrupt Controller. 


Application: Priority Interrupt Controller Application 


INTERRUPT 
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SiBER 673480 

(Single Burst Error Recovery 1C) 


Features/Benefits 

• 15 MHz data rate 

• Selectable CRC or ECO polynomials 

• Standard 16-blt CRC-CCITT polynomial detects errors 

• Computer-generated 32-blt ECC polynomial exceeds the 
performance of Fire code polynomials 

• Double-burst error detection and single-burst error 
correction with ECC polynomial 

• Programmable correction span of 5, 8 or 11 bits 

• Hardware or software correction modes 

• Separate receiver and transmitter ports 

• HOLD pin for idle operation 

• Maximum of 1024 bytes of data 

• inverted checkbits and seiective initialization to a HIGH 
state improve reliability 

Description 

The SiBER (Single Burst Error Recovery) is a LSI error detection 
and correction circuit used to insure data integrity between two 
serial ports. An industry standard 1 6-bit CRC polynomial and a 
32-bit computer-generated ECC polynomial are both imple- 
mented on this chip. Both polynomials have error detection 
capabilities, but only the ECC polynomial is used for error 
correction. The ECC polynomial has a maximum correction 
span of 11 bits in series and a maximum record length of 1024 

Pin Configuration 



Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

673480 


Com 


bytes of data. The 16-bit CRC polynomial is the industry standard 
CCITT pplynoitiial: 

j^16 4- j^12 ^ -f. -| 

The 32-bit computer-generated ECC polynomial is selected for 
its error detection span, and the high probability of detecting 
short double-burst errors: 

y32 + ^28 + ^26 + 9 + x1 7 + + x® + x^ + 1 

The SiBER implements the transmit, receive, search, and correct 
algorithms, which are basically serial division operations. By 
simply asserting the appropriate control signals, spelled out in 
the “modes of operation” section of this data sheet, the user can: 

1) Append checkbits to the data under transmission. 

2) Generate the syndrome from received data. 

3) Correct erroneous data bits with the information 
embedded in the syndrome. 

Selective inversion of checkbits and selective initialization of the 
internal registers to an all-one-state insure randomness in the 
encoded checkbits and, consequently, improve reliability. 

Typical applications of the SiBER include mass storage envi- 
ronments and data communication channels. 

Block Diagram 



TWX: 910-338-2376 

21 75 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TVifX: 910-338-2374 
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SIBER 673480 


SiBER Pin Description 


PIN NUMBER 

SYMBOL 

PIN NAME 

FUNCTION 

1,12 

GND 

Ground 

Electrical Ground 

2 

iNff 

Initialize 

An active LOW asynchronous input pulse is used to reset all internal 
registers and output flags before transmitting or receiving any data. 

3 

HOLD 

Hold 

Raising this input HIGH puts the device in idle operation by holding its 
present state. The data present on SIT is sent to SOT. A LOW presented 
on this pin resumes normal operation. 


SIC 

Serial Input 
Correction 

During hardware correction, the buffered data is presented to this input 
one bit at a time in reverse order. If the data bit is erroneous it is 
corrected and placed on SOT. See block diagram for data flow. 

5 

SIT 

Serial Input 
Transmitter 

During the transmit mode, data to be transmitted is presented to this 
input in a serial fashion. 

6 

SOT 

Serial Output 
Transmitter 

Four different types of data are shifted out on this output (see block 
diagram). Data on SIR appears on this pin during receive mode; 
corrected data appears during hardware correction, error syndrome 
appears during software correction: and error pattern appears during 
hardware/software correction. 

7, 18 

vcc 

Vcc 

+5 volt supply. 

8, 9 

CSq, CSi 

Correction 

Span Select 

Correction spans that can be selected by specifying CSq and CSi are: 
a 5-bit correction span (CSq = LOW, GSi = LOW), an 8-bit correction 
span (CSq = LOW, CSi = HIGH), and an 11-blt correction span (CSq = 
HIGH, GSi = HIGH). The fourth state (CSq = HIGH, CSi " LOW) is 
restricted and must never be entered. It is used by the factory during 
manufacturing to test the device for enhanced quality assurance and 
guaranteed functionality. 

10 

CRC/E^ 

CRC/ECC 

Select 

This input control line is used to select the desired polynomial. The 32-bit 
computer-generated EGG polynomial is selected when CRC/ECC is LOW 
and the 16-bit standard CRC-CCITT polynomial when CRC/ECC is HIGH. 

11 

CLKIN 

Clock Input 

This is the clock input, and the rising edge is used to strobe the data 
during the transmit, receive, and correction modes of operation. 

,■■.'.-13,: ■■■ 

CLKOUT 

Clock Output 

The Clock output is a delayed clock input. It is generally used for 
synchronization of all output signals from the SiBER. 

14 

PATT 

Pattern Flag 

This output is set HIGH (and remains set until initialized) when the error 
pattern is found by the SiBER. 

15 

ERRFLG 

Error Flag 

This output is set HIQH (and remains set until Initialized) when the 
syndrome is nonzero. A nonzero syndrome at the end of the receive 
cycle means that the data read is in error. 

16 

EOC 

End of 

Correction 

This output is set HIGH (and remains set until initialized) eleven clock 
cycles after the pattern flag is set. 

17 

TEST 

Test 

This input must be tied to Vcc normal operation. This pin is used by 
the factory during manufacturing to test the device for enhanced quality 
assurance and guaranteed functionality. 

19 

SOR 

Serial Output 
Receiver 

Two different types of data are shifted out on this output (see block 
diagram) During the transmit mode, the data presented on SIT appears 
on this pin when TGS is HIGH, and checkbits appear when TGS is 
pulled LOW. 

20 

SIR 

Serial Input 
Receiver 

During the receive mode, data is presented to this Input in a serial fashion. 

21 

CGS 

Correction 
Generate 
or Shift 

This input controls the device during the search and correct modes. The 
four options are: (1 ) Shift the syndrome when CGS is LOW immediately 
after a receive operation, (2) generate the error pattern when CGS is 

HIGH and the output PATT is LOW, (3) shift the error pattern when CGS 
is Lowered and the output PATT is HIGH, and (4) correct the burst of 
erroneous data when CGS is HIGH and PATT is HIGH. 

22 

RGS 

Receive 

Generate 
or Shift 

This input controls the device during the receive mode. When 

RGS=HIGH the syndrome is being generated. On the HIGH-to LOW 
transition of RGS, the error condition is latched; the error flag is set if the 
syndrome is nonzero and the SiBER enters correction mode. 

23 

TGS 

Transmit Gen- 
erate or Shift 

This input controls the device during the transmit mode. The two 
options are to generate checkbits (TGS = HIGH) and to shift checkbits 
(TGS= LOW). 

24 

R/T 

Receive/ 

Transmit 

This input pin controls the mode of operation. A LOW enables the 
transmit mode, and a HIGH enables the receive mode. 
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SiBER 673480 


Modes of Operation 

Prior to performing any operation, the appropriate correction control signals for each of the four options are summarized 
span and polynomial type must be selected. The settings of the below: 


SIGNALS 


nccr^DiDTi^Md 

CRC/ECC 

cso 

CS1 


0 

0 

0 

5-bit correction span, 

ECC polynomial 

0 

0 

1 

8-bit correction span, 

ECC polynomial 

0 

1 

1 ■ 

1 1 -bit correction span , 

ECC polynomial 

1 

X 

X 

No correction, CRC polynomial 
generation 

X 

1 

0 

Illegal state. It is only used 
by the factory for testing 
the devices. 


“X” Designates "Don’t Care”. 


The four different modes of operation are tabulated below. Note mode, but the other modes and functions are common to both 

that the CRC polynomial cannot go into the search/correct the CRC and ECC polynomials. 












SiBER 673480 



Figure 1. Data Flow During the Transmit Mode 


Receive Mode 

In this mode, data and checkbits are read from the SIR pin an d 
the SiBER gener^es a syndrome. To initialize the device INIT is 
asserted while R/T is HIGH. The internal registers and the output 
flags are reset and the device is in the receive mode. If RGS is 
LOW the SiBER will reitiain Initialized until RGS is pulled HIGH. 
The feature is implemented to allow relaxed initialization timing. 
Once RGS is HIGH, the device starts to generate the syndrome 
for the data present on SIR. The data on SIR also appears on the 



SOT output. When the last data bit, which is really the last 
checkbit that was appended to the block of data, is presented on 
SIR, the error flag ERRFLG is latched on the HIGH-to-LOW 
transition of RGS; the error flag is set for the case of a non-zero 
syndrorne. When the syndrpme is non-zero (ERRFLG = HIGH) 
and the ECO polynomial is asserted, then the search mode is 
invoked. The state of the control pin CGS determines the opera- 
tion performed. The correction cycle is not invoked when the 
CRC polynomial is asserted. Figure 2 shows the data flow during 
the receive mode. 

►EOC 

— " " " III II » ERRFLG 

_*.p/vrT 


sic- 

iNir- 

HOLD-= 

CRC/ECC- 

CLKIN- 

CGS- 

RGS- 

TGS- 

R/f- 


CONTROL 

LOGIC 




TRANSMITTER DATA 


RECEIVER 

OUTPUT 

MUX 


PASS RECEIVER DATA 


ERROR SYNDROME 


^r>- 


ERRONEOUS DATA CORRECT 
DATA 


TRANSMITTER 

OUTPUT 

MUX 


► CLKOUT 


Figure 2. Data Flow During the Receive Mode 
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SiBER 673480 


Search/Correct Mode 

The search/correct mode is used to find the error pattern 
required to correct the erroneous data record that has just been 
received. The error pattern can be found by shifting the 32-bit 
syndrome (left by the receive operation) backwards until a cor- 
rectable pattern is found, or the search is exhausted by clocking 
beyond the length of the data record (which indicates the error is 
uncorrectable) . Note that the search/correct mode pertains only 
to ECC operations and not to CRC operations. 

When an error occurs, and correction of the error is desired, 
there are three methods of finding the error and correcting it, as 
follows: 

1) Pass the syndrome on to the host processor for software 
correction. 

2) Perform a correction pattern search inside the SiBER and pass 
the error pattern on to the host processor for correction 
(hardware/software correction). 

3) Pass the data record to be corrected through the SiBER (in 
reverse order) while the SiBER performs the pattern search 
AND corrects the data record ‘on the fly’ as it passes through 
the SiBER chip. 

Typically, after the last bit of the ECC field of the data record 
being read is clocked into the SiBER, RGS Is deactivated and 
HOLD is activated. One clock later, the ERRFLG signal will reflect 
the final state of the ECC/CRC shift register. It is at this time the 
system must decide whether to perform a correction or not. 
Typically, In magnetic media implementations, the system may 
perform one or more retries on the data record before attempt- 
ing the correction (some systems will retry until subsequent 
received ECO fields or syndromes generated by receive opera- 
tions, are found to be identical). 


The Syndrome can be clocked out of the SiBER by simply 
deactivating the HOLD signal, allowing the syndrome to be 
shifted out of the SiBER on the SOT line. If the SiBER Is to be 
used to perform all or part of the correction function (as in 
method 2 or 3), the CGS signal is activated and the HOLD signal is 
deactivated and the search operation begins. 

The first clock cycle of the search operation is used to prepare 
the syndrome for reverse polynomial shifting. From then on, the 
SiBER looks for error burst patterns to appear in the ECC shift 
register. The exact type of pattern searched for is dependent on 
the correction span selection input signals, CSO and CS1 (5-, 8-, 
or 1 1 -bit maximum burst lengths) . When an error pattern that fits 
the qualifications of the correction span inputs is found in the 
proper position of the ECC shift register, the PATT signal is 
activated by the SiBER. If method 2 is being used, then the error 
pattern is shifted out of the SiBER (by lowering the CSG input) 
when the PATT signal has become active (the HOLD signal can 
be used to aid in controlling the transition between searching 
and error pattern shifting, for system timing constraints). Note: 
the error pattern being shifted out of the SiBER wii! be generated 
in the reverse order with respect to the original data received. It 
may also be noted that the error pattern extracted will be CS bits 
long (where CS represents the selected correction span) regard- 
less of the actual error burst length. When an error burst whose 
length is less than the correction span selected is found, the first 
N bits Of the error pattern frorn the SIBER will be zeros (where N 
= correction span - actual error burst length). For example, if a 
single-bit error burst occurs and correction is performed with an 
8-bit correction span selected, then when the error pattern is 
found, the first seven bits of the error pattern out of the SIBER 
will be zeros, and the eighth bit will be a one. 



Figure 3. Data Flow During the Search/Correct Mode for Method land Method 2. 
The Error Syndrome or Pattern is Shifted Out on SOT 
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Once the pattern is found, the number of clock cycles required 
to find it, NCG, is used to calculate the position of the error. The 
calculation is made with respect to the end of the data record 
including the 32-bit ECC field. The calculation is as follows: 
ED == NCC- 1 (where ED Is the Error Displacement in bits, NCC 
is the Number of Clock Cycles required to find the pattern, and 1 
for tpe search preparation). Therefore, if the pattern is found in 
one clock, the error displacement, ED, will be zero, indicating 
the error pattern was found at the end of the ECC field of the data 
record. 

Since the ECC field is used only for error detection and correc- 
tion, many systems do not store this field if dedicated hardware 
is used for correction. Therefore the Error Displacement equa- 
tion can be modified to calculate the distance with respect to the 
end of the data field, instead of the ECC field. The calculation 
would then be: ED = NCC - 33. Note that the Error Displacement 
can, in this case, be a negative number. This simply Indicates 
that the error burst is partially, if not entirely, contained in the 
ECC field. Careful consideration for boundary conditions are 
required in these cases. 

The maximum number of clock cycles, MNC, to find a correcta- 
ble error pattern with the SiBER is calculated as: MNC= DL+33 - 
CS (where DL is the number of bits in the data field, and CS the 
selected correction span), which corresponds to an error burst 
at the beginning of the data field. The search operation should 
be terminated if the PATT signal has not been activated within 
the number of clock cycles calculated in the above equation for 
MNC. If the error pattern cannot be found within MNC clock 
cycles, then the error is considered uncorrectable and no further 
action can be taken. 

Method 3 is implemented with the SiBER by retransmitting the 
data record through the SiBER during the pattern search. Note: 
The data record is transmitted in reverse order with respect to 
the receive operation, during the search /correct operation. 


When the SiBER finds the error pattern, the data being pres- 
ented at the SIC input is XORed with the error pattern and 
retransmitted, via the SOT output, as corrected data. During 
other periods of the search/correct operation, the data pres- 
ented at the SIC input is retransmitted to the SOT output, 
unchanged. 

After a receive operation with an error condition present, the 
SiBER starts the search/correct operation, just as described for 
method 2, by asserting the CGS input line. For proper position- 
ing of the retransmitted data with respect to the error pattern to 
be found, the SiBER must be clocked once (if the data record 
retransmission includes the 32-bit ECC field) or thirty-three 
times (if the data record retransmission does not include the 
32-bit ECC field) before data bits are presented at the SIC input 
and captured at the SOT output. 

If the PATT output does not become active within MNC clock 
cycles, as calculated above, then the error is uncorrectable. 

Example: 

Data Field = 512 bytes = 4096 bits 
Correction Span = 11 bits 

MNC = (4096 + 33 - 1 1 ) = 41 18 clock cycles 

Therefore, with this format, all correct^le error patterns must 
be found within 41 1 8 clock cycles from when the search/correct 
operation began, otherwise the error is uncorrectable. 

If a search operation finds the error pattern in 1787 clock cycles, 
then the 1 1 -bit error burst starts (in reverse order) 1 786 bits from 
the end of the ECC field or 1754 bits from the end of the data 
field. This can be recalculated for forward displacement as (4096- 
1754-11) bits = 2331 bits from the beginning of, or starting with 
bit 4 of the 292nd byte, of the data field. Figure 4 shows the 
position of the error pattern in the data field. 




Figure 4. Example 







SiBER873480 



Figure 5. Data Flow During Search/Correct Mode for Method 3. Data on SIC is 
Corrected and Placed on SOT 


Multiple Burst Errors 

When there is an error, the error flag ERRFLG goes HIGH. If this 
error is within the correcting capability of the code, then PATT 
goes HIGH when the error pattern is found. If there is a multiple 
error of two or more bursts and the capability of the code Is 


exceeded, then the pattern flag PATT remains LOW during the 
search mode. The SiBER is recommended for detecting and 
correcting bursts of errors in 1 K bytes of data or a total of 8K bits 
in a serial stream: It can be used for even larger streams, but the 
probability of miscorrection is increased. 


U-1/f MAX-^ 



Figures. Clock and Hold Timing 
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Absolute Maximum Ratings 

Supply Voltage Vqq 7 V 

Input Voltage 7 V 

Off-state output Voltage .... . ... 5.5 V 

Storage temperature -65® to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 


4.75 5 5.25 

V 

t|PW 

Initialization Pulse Width 

7,8 

20 

ns 

tCRCS 

CRC Initialize Set-Up Time 

7,8 

20 12 

ns 

tRTS 

R/T Initialize Set-Up Time 

7,8 

15 8 

ns 

tQSS 

Generate and Shift Set-Up Time 

7. 8, 10, 11 

50 27 

ns 

tQSH 

Generate and Shift Hold Time 

7, 8,10 

0 

ns 

‘SIS 

Serial Input Set-Up Time 

7,8,11 

50 32 

ns 

*SIH 

Serial Input Hold Time 

7,8 

0 

ns 

‘HS 

Hold Set-Up Time 

6 

45 24 

ns 

tHH 

Hold Time for Hold Input 

6 

0 

ns 

Ta 

Operating free-air temperature 


0 75 



Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 


TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

ViH 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = MIN 

l| = -18 mA 

-1.5 

V 

l|L 

Low-level Input current 

Vcc = max 

V| = 0.4 V 

0.25 

mA 

«IH 

High-level input current 

Vcc = max 

V| =2.4V 

25 

mA 

l| 

Maximum input current 

Vcc = max 

V| =5.5V 


mA 

VoL 

Low level output voltage 

Vcc = min 

V|L =0.8V 

V|H =2V 

iol-^it^a 

0.5 V 

V 

VOH 

High level output voltage 

Vcc = min 

V|L =0.8V 

V|H =2V 

10H = -3;2mA 

2.4 

V 

iQS 

Output short-circuit current* 

VcC=5V 

> 

o 

II 

O 

> 

-30 

-130 

mA 

Ice 

Supply current 

vcc=max 

280 360 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
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SiBER 673480 



Input Pulse = 3 V 
Input Rise and Fall Time 
(10<>/o--90<yo) 2.5 ns 
Measurement made at 1.5 V 




NOTES: 1. After Initialization the chip is in a hold mode (idle) for as long as TGS is LOW. 

2. When TGS is HIGH, the data to be encoded is shifted into SIT. The maximum data length is 1 K bytes. 

3. When TGS is lowered in the transmit mode the checkbits are shifted out on SOR. There are 32 checkbits for the ECO polynomial and 16 for the 
GRC polynomial. 


Figure 7. Transmit Mode 
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SiBER 673480 



NOTES; 1 . After Initialization the chip is in a hold mode (idle) for as long as RGS is LOW. 

2. When RGS is HIGH, the data followed by the checkbits is shifted into SIR. The syndrome is generated from this data. 

3. The error flageERRFLG is pulled HIGH if the syndrome is non-zero or kept LOW if there is no error. 

SYN. = Syndrome Bit Valid 

Figures. Receive Mode 
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SiBER 673480 


CLKIN 

RGS ^ 

LOW 

i (1) 










mm 

I 

1 

1 

B 

1 

ERRFLG 

/ 

-^%RR 

r (2) 


NOTES: 1. When RGS is pulled LOW iii the receive mode and CGS and PATT are LOW, the 16-bit syndrome for the CRC polynomial or the 32-bit syndrome for the 
ECO polynomial is shifted out on SOT. This is called the search mode. 

2. The error flag ERRFLG remains LOW when there is no error. 

SYN. = Syndrome Bit Valid 

Figures. Search Mode for Software Correction 



NOTES: 1. When CGS is HIGH, the SiBER is clocked until PATT is flagged. This is the search mode in which the location of the error pattern is determined. 

2. The error flag ERRFLG remains LOW if there is no error. 

3. A multiple error is indicated when ERRFLG is HIGH and PATT remains LOW. 

4. When CGS is Lowered after PATT goes HIGH, the error pattern is shifted out on SOT. This is called the correction mode. 

511 clock cycles after PATT is flagged, EOC goes HIGH. 

E.P. = Error Pattern Bit Valid f- 

Figure 10. Search and Correct Modes for Software/Hardware Correction 
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SiBER 673480 



\ 


/ 


~*GSS 


( 1 ) 


( 2 ) 


ERRFLG 


“*SIS 

N/ — 

^ ^DATAVALiD^ C 


£ 


(3) 


DATA VALID^ DATA VALID^ ^ 





"*GS0 


-*PAT 


£ 


(5) 


(4) 


*E0C“ 




( 6 ) 


r 


NOTES: 1 . Data placed on SIC is transmitted to SOT. This feature allows the user to implement a ready-modify-write operation on buffered data without paying 
attention to the pattern flag PATT. 

2. When CGS is HIGH the SiBER is clocked until PATT Is flagged. This is the search mode in which the location of the error pattern is determined. 

3. The error flag ERRFLG remains LOW if there is no error. 

4. A multiple error is indicated when ERRFLG is HIGH and PATT remains LOW. 

5. When PATT is HIGH, the data across SIC is inverted, if erroneous, and shifted out on SOT. 

6. 11 clock cycles after PATT is flagged, EOC goes HIGH ^ £iv, 

C.D. = Corrected Data Bit Valid 


Figure 11. Search and Correct Modes for Hardware Correction 


7-52 


MonoHihkt 


Mil 







SiBER 673480 


Application 



Figure 12. System Block Diagram 


The SiBER and the Serializer/Deserializer (SERDES) block, 
shown in more detail in Figure 13, reside in the front end of a 
typical system. This block will append the checkbits to the data 
under transmission and it will generate the syndrome from the 


received data. Correction can be performed in case of an error. 
Four operations take place under external control provided by 
the control logic block. 


CONTROL LOGIC 


TO DATA 
BUS 



Figure 13. Detailed SiBER and Serializer/Deserializer (SERDES) Block 
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FIFO Product Selection and Application Guide 


FIRST-IN FIRST-OUT BUFFER MEMORIES 

Product Selection and Application Reference Guide 

Low-Power FIFOs 


CASCADABLE/ 

STANDALONE 

MAXIMUM 
DATA RATE 

ORG. 

MAXIMUM 

Ice 

FEATURES 

PACKAGES 

PINS 

67L401* 

5 MHz 

64x4 

100 mA 


N,J,NL (20) 

16 

67L402* 

5 MHz 

64x5 

130 mA 


N,J,NL (20) 

18 

C67L401D* 

15 MHz 

64x4 

100 mA 

iQL = 24 mA 

N,J,NL (20) 

16 

C67L402D j 

15 MHz , 

64x5 

100 mA 

lOL = 24 mA 

N,J,NL (20) 

18 

C67L4033D j 

15 MHz 

64x5 

115 mA 

Iql = 24 mA, Three-State, Status Flags 

N,J,NL (20) 

20 

C67L4013D 

15 MHz 

64x4 

100 mA 

!OL = 24 mA, Three-State 

N,J,NL (20) 

16 


* Standalone only. 


High-Performance FIFOs 


STANDALONE 

MAXIMUM 
DATA RATE 

ORGANIZATION 

FEATURES 

PACKAGES 

PINS 

67411 A 

35 MHz 

64x4 

lOL = 24 mA 

J 

16 

6741 2A 

35 MHz 

64x5 

Iql = 24 mA 

J 

18 

6741 3A 

35 MHz 

64x5 

Iql = 24 mA, Three-State, Status Flags 

J 

20 

67411 

25 MHz 

64x4 

Iql = 24 mA 

J 

16 

67412 

25 MHz 

64x5 

Iql == 24 mA 

J 

18 

67413 

25 MHz 

64x5 

•OL = 24 mA, Three-State, Status Flags j 



20 


Standard FIFOs 


CASCADABLE 

STANDALONE 

MAXIMUM DATA RATE 

ORGANIZATION 

PACKAGES 

PINS 

C67401 

67401 

10 MHz 

64x4 

N, J, NL (20) 

16 

C67402 

67402 

10 MHz 

64x5 

N, J, NL (20) 

18 

C67401A 

67401 A 

15 MHz 

64x4 

N,J,NL(20) 

16 

C67402A 

67402A 

15 MHz 

64x5 

N, J, NL (20) 

18 

C67401B 

67401 B 

16.7 MHz 

64x4 

N, J 

16 

C67402B 

67402B 

16.7 MHz 

64x5 

N,J 

18 
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System FIFOs 


DEVICE 

DESCRIPTION 

ORGANIZATION 

PACKAGES 

PINS 

MAXIMUM 

FREQUENCY 

67417 

Serializing FIFO Memory 

Serial data buffering with optional Serial-to- 
Parallel or Parallel-to-Serial data conversion 

64x8/9 

.J 

24 

28 MHz Serial 

10 MHz Parallel 

674219 

FIFO RAM Controller 

Provides control for SRAM to act as a 

FIFO buffer 

Up to 64K words 

J 

40 

24 MHz Clock 


FIFO Applications 


APPLICATION 

KEY REQUIREMENTS 

FIFO PRODUCTS 

Microprocessor/CPU 

Buffering 

Data rate of processor 

System architecture (word width) 

74S225/A 

C/67401/2A/B 

67411/2/3A 

Peripherals 

High data rate or low power 

Status flag 

C/67401 /2A/B 

67L401/2 

C67L401/2/3D 

Data/Telecom 

High data rate or low power 

Status flags 

Word depth (high storage capacity) 

Data format (serial or parallel) 

C67L401/2/3D 

C67401/2/3D 

674219 

67417 

Data Acquisition 

High data rate 

67411/2/3A 

74S225A 
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FIFOs: Rubber-Band Memories 
to Hold Your System Together 

Chuck Hastings 


Introduction 

Data-rate matching problems are a very basic part of the life of a 
builder of digital systems. Some important electromechanical 
devices such as disk drives produce or absorb data at totally 
inflexible rates governed by media recording densities and by 
the speeds at which small electric motors are naturally willing to 
rotate. Other devices such as letter-quality printers have 
maximum data rates beyond which they cannot be hurried up, 
and which are relatively slow compared to the rates of other 
devices in the system. 

Microprocessors and their associated main memories are 
generally faster and more flexible than other system compo- 
nents, but often operate with severly degraded efficiency if they 
must be diverted from their main tasks every few mHliseconds to 
handle data-ready interrupts for individual dribs and drabs of 
data. While “one day at a time” may be a sound principle by 
which to live your life, “one bit at a time” or even “one byte at a 
time” is not a philosophy by which to make your microprocessor 
live if you want the best possible service from it. 

Today there are comjDonents called “FIFOs” which let you keep 
your hardware design simple, and let each portion of your 
system see the data rate which it wants to see, and yet let you 
avoid hobbling the performance of your software by constantly 
interrupting your microprocessor, or even by intermittently 
halting it in order to let DMA (Direct Memory Access) circuits 
take over control of the main memory for a short time. FIFOs 
may be thought of as “elastic storage” devices — “logical rubber 
bands” between the different parts of your system, which stretch 
and go slack so that data rates between different subsystems do 
not need to match up on a short-term microsecond-by- 
microsecond basis, but only need to average out to be the same 
over a much longer period of time. 

This tutorial paper both describes what FIFOs are in general, 
and introduces the 64x4 and 64x5 Monolithic Memories FIFOs 
in particular. 

What is a FIFO? 

FIFO is one of those made-up words, or acronyms, formed from 
the initials of a phrase — in this case, “First-/n, First-Out.” 
Originally, the phrase “First- In, First-Out” came from the field of 
operations research, where it describes a queue discipline 
which may be applied to the processing of the elements of any 
queue or waiting Tine. There is also a LIFO, or “Last-In, 
First-Out” queue discipline. The terms FIFO and LIFO have also 
been used for many years by accountants to describe formal 
procedures for allocating the costs of items withdrawn from an 
inventory, where these items have been bought over a period of 
time at varying prices. 


You can probably think of some simple, everyday objects which 
in some manner behave according to the FIFO queue discipline. 
For instance, little two-seater cable-drawn boats are drawn 
through an amusement park tunnel of love one by one, and 
must emerge from the other end in the same order in which they 
entered the tunnel — “First-In, First-Out.” The oldTime coin 
dispensers used by the attendants at such amusement park 
features, or by city bus drivers, are “buffer storage” devices for 
coins which handle the coins in this same manner. (See 
Figure 1.) 



Figure 1. Primitive Mechanical FIFO Device 


Notice also that the input of a coin into one of the tubes of such 
a coin dispenser through the slot at the top, and the output of a 
coin at the bottom of that tube when the lever for that tube is 
pushed, are completely independent events which do not have 
to be synchronized in any way, as long as the tube is neither 
totally empty nor totally full. However, if the tube fills up 
completely, a coin inserted into the slot will not go into the 
tube. Likewise, if the tube empties out completely, no coin is 
released from the tube at the bottom when the lever is pressed. 
The coin tube thus behaves as an asynchronous FIFO. Keep 
this homely example in mind. 

In computer technology, both the FIFO queue discipline and 
the LIFO queue discipline are frequently used to control the 
insertion and withdrawal of information from a buffer memory, 
or from a dedicated buffer region of some larger memory. In 
input/output programming practice, a FIFO memory region is 
sometimes referred to as a circular buffer, and in programming 
for computer-controlled telephone systems it is called a 
hopper. A LIFO memory region is usually referred to asa stack. 
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Both FIFO and LIFO memories have frequently been im- 
plemented as special-purpose digital systems or subsystems, 
but as of the present time only FIFO memories are commonly 
implemented as individual, self-contained semiconductor 
devices. 


Representative FIFOs 

To give you the flavor of what these semiconductor devices are 
like, I’ll describe the type 67401 64x4 FIFO and type 67402 64x5 
FIFO which have been available for several years from Mono- 
lithic Memories. (“64x4” here means containing 64 words of 4 
bits each.) These parts have a basic, easy-to-understand 
architecture and control philosophy. They also happen to be the 
fastest FIFOs available through normal commercial channels as 
of this writing, and they are in widespread use for applications 
ranging from microcomputers up to IBM-lookalike mainframes 
and large special-purpose military radar processors. A 67401 is 
internally organized as follows: 



FIFO 

INPUT 

STAGE 


62x4 BIT 
REGISTER 


FIFO 

OUTPUT 

STAGE 

IT'®® 

loT^Og 


0 


V 


V 


INPUT 2 
READY 

SHIFT — ^ 
IN 

INPUT 

CONTROL 

LOGIC 

_«J 


REGISTER 

CONTROL 

LOGIC 

L — - — J 

-N 

■V 

OUTPUT 

CONTROL 

LOGIC 

— J 

SHIFT 
"*15 0UT 

OUTPUT 
14 READY 


MASTER RESET 

Figure 2. Architecture of the 67401 FiFO 

The list of signals/pins for the 67401 is: 


TYPE 

HOW MANY 

(CUM.) 

l/O/V 

Data In 

4 

4 

1 

Output 

4 

8 

0 

Control: 

Shift In 

1 

9 

1 

Shift Out 

1 

10 

1 

Master Reset 

1 

11 

1 

Status: 




Input Ready 

1 

12 

0 

Output Ready 

1 

13 

0 

Not Connected 

1 

14 

— 

Voltage: 




Vcc (-^sv) 

1 

15 

V 

Ground 

1 

16 

V 


67401 was originally designed as a faster bipolar upgrade of a 
MOS part, the Fairchild 3341, which needs a second power- 
supply voltage (-1 2 V) as well as Vqq. Much of the description to 
be given here of the 67401 also applies to the 3341 , except for 
data rate ~ the 67401 can operate at 5-35 MHz depend ing on the 
exact version, compared with approximately 1 MHz for the 3341 . 
Pinouts are indicated in the data sheet. 

The reason for having a 5-bit model as well as a 4-bit model of 
basically the same part is that if two 4-bit FIFOs are placed 
side-by-side they make only an 8-blt FIFO, and many people 
have FIFO applications which entail using a parity bit with each 
byte, and/or a frame-marker bit with the last byte of a frame or 
block, which meansthatthey want 9-blt or 10-bit FIFOs. A 67402 
next to a 67401 makes a 9-blt FIFO, and two 67402s make a 
1 0-blt FI FO. But I’m getting ahead of myself. 

A logic HIGH signal on the Input Ready line indicates that there 
is at least one vacant memory location within the FIFO into 
which a new data word may be inserted.Likewise, a logic HIGH 
on the Output Ready line Indicates that there is at least one data 
word currently stored within the FIFO and available for reading 
at the outputs. The operation of the FIFO is such that, once a 
data word has been inserted at the Data In lines (the top of the 
FIFO, as it were), this wrord automatically s/n/cs all the way to the 
bottom (assuming that the FIFO was previously empty) and 
forthwith appears at the Output lines. (Remember the synonym 
hopper?) in keeping with the FIFO queue discipline, the first 
word which was Inserted is the first one available at the outputs, 
and additional words may be withdrawn only \n the order in 
which they were originally inserted. 

There is no provision for random access in these FIFOs, since 
their Internal implementation uses one particular variation of 
shift-register technology. Each FIFO word consists of 4 (for the 
67401 ) or 5 (for the 67402) data bits, plus a control or “presence” 
bit which indicates whether or not the word contains significant 
information. There are thus 4 or 5 data “tracks” and one 
presence “track” if you look at a FIFO from a magnetic-tape 
perspective. What the Master Reset input does is to clear all of 
the bits in the presence track, and in addition to clear the very 
last data word (at the “bottom”) which controls the Output lines. 
The other 63 data words are not cleared, but it doesn t really 
matter; their status is like unto that of operating-system files 
whose Directory entries have been deleted, in that they can no 
longer be read out and will get written over as soon as new 
information comes in. 



The corresponding list for the 67402 differs only in that there are 
five Data in lines rather than four, and five Output lines rather 
than four. The reason that there is an unused pin is that the 


'"FI2ST-IN, FIRST-OUr ...DESCRIBES A QUEUE PISCIFUNE 
WHICH MAV BE APPLIED TO THE PROCESSING OF THE ELEMENTS 
OF ANV QUEUE . . ." 
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We now return to what happens when a new data word gets 
inserted at the “top” of the FIFO. A mark (call it a “one”) is made 
in the presence bit for word 00, the first word. Assume now that 
word 01 is vacant, so that there is a “zero” in its presence bit. The 
internal logic of the FIFO then operates so that the data from 
word 00 is automatically written into word 01, the presence bit 
for word 01 is automatically set to “one,” and the presence bit for 
word 00 is automatically reset to “zero.” If word 02 is likewise 
vacant, the process gets repeated, and so forth until the same 
piece of data has settled into the lowest vacant word in the FIFO 
— the next lower word, and all the rest, have “ones” in their 
presence bits, blocking further changes. 

Conversely, now assume that at the moment no data word is 
being input, but that one has just been output. Then the bottom 
word in the FIFO — word 63 — has a “zero'’ in its presence bit, 
but there are a number of other words above it which have 
“ones” in their presence bits. The data in word 62 then moves 
into word 63 in the same manner described above, and the data 
in word 61 moves into word 62, and so forth, until there is no 
longer any word in the FIFO having a “one” in its presence bit 
which is above a word having a “zero” in its presence bit. The 
effect is that of empty locations bubbling up to the top of the 
FIFO. Or, in case you are one of those elite individuals who has 
been exposed to the concepts and jargon of modern semicon- 
ductor theory, you may prefer to think of the FIFO operation as 
one in which data (“electrons”) flow from the top of the FIFO to 
the bottom, and vacancies (“holes”) flow from the bottom of the 
FIFO to the top. In the general case, of course, new data words 
are being input at the top and old ones are being output at the 
bottom at random times, and there is a dynamic and continually 
changing situation within the FIFO as the new data words drop 
towards the bottom and the vacancies bubble up towards the 
top, and they intermix along the way. 

An obvious consequences of this manner of operation in shift- 
register-technology FIFOs is that it takes quite a bit longer for a 
data word to pass all the way through the FIFO than the min- 
imum time between successive input or output operations. 
There are various versions of the 67401 and 67402, rated at 5, 7, 
10, 15, 16.7 or 35 MHz over commercial (0°C to +75°C) or 
military (-55°C to +125°C) temperature ranges. Thus, for 
instance, a 16.7-MHz FIFO can input data words at the top 
and/or output data words at the bottom at a sustained rate of a 
word every 60 nanoseconds. However, the “fall-through” time, 
tpj for these same FIFOs is stated in the data sheet as 1.3 
microseconds, which is a long enough time for 24 words to be 
input or 24 words to be output! There is in principle also a 
“bubble-through” time for a single vacancy to travel from word 
63 all the way back to word 00, which should be identical to tpj, 
and probably is although as measured on a semiconductor 
tester it may differ by as much as 50 nanoseconds, which is 
probably due to artifacts of measurement. By the way, the stated 
operating frequencies and the tpj value are “worst-case” (gua- 
ranteed) numbers; the “typical” values observed in actual parts 
are necessarily somewhat better, since semiconductor manu- 
facturers are obi iged to take any parts back which customers can 
prove do not meet the worst-case numbers, and some margin of 
safety is always nice. 

Besides Monolithic Memories, other manufacturers of high- 
speed FIFOs include Fairchild Semiconductor, Mostek, National 
Semiconductor, RCA, Texas Instruments, and TRW LSI Pro- 
ducts. MOS (slow) FIFOs are available from Advanced Micro 


Devices, Fairchild Semiconductor, Texas Instruments, Western 
Digital, Zilog, and probably other firms. FIFOs in development or 
available at just about all of these vendors also offer new bells 
and whistles which I haven’t discussed, such as three-state 
outputs, serial (one-bit-at-a-time) as well as parallel data ports, 
and additional status flags. For instance. Monolithic Memories 
now has the 67413 FIFO which has a “half-full" flag which tells 
when half of the FIFO’s words contain data, and also a second 
flag which indicates that the FIFO is either “almost full” (within 8 
words of full) or “almost empty” (within 8 words of empty), 
reminiscent of the “yellow warning interrupt” in Digital Equip- 
ment Corporation PDP-11 computers. This “almosHull/empty 
flag” can be used as an interrupt to a microprocessor to indicate 
that some action must be taken, and the microprocessor can 
then examine the “half-full flag” to see what it actually has to do. 

There are also other design approaches to the insides of a FIFO 
besides the one based on shift-register technology which has 
been described here. For instance, a FIFO may be organized as 
a random-access memory (“RAM”) with two counters capable 
of addressing the RAM right within the chip, an “in-pointer” and 
an “out-pointer.” The counting sequences, of course, “wrap 
around” from the highest RAM address back to zero. The out- 
pointer chases the in-pointer, the region just traversed by the in- 
pointer but not yet by the out-pointer contains significant data, 
and the complementary region is ‘ logically “empty.” This 
approach involves good news and bad news: the good news is 
that the long fall-through time goes away, but the bad news is 
that now reading and vvriting typically interfere with each other 
— unless the RAM is “two-port,” they cannot be done 
simultaneously at all. Also, since this approach is more costly in 
“silicon area” than the shift-register approach, it would not result 
in as large FIFO capacities for the same size die or the same 
power consumption. In practice, this approach has only been 
used for MGS FIFOs which have turned out to be quite slow. 

Another design approach Is somewhat intermediate between 
the pure RAM approach as just described and the shift-register 
approach. It uses “ring counters” on the chip instead of full- 
blown binary counters. What this means in practice is that there 
are now Two extra “tracks” along with the data tracks within the 
FIFO, plus also an input data bus and an output data bus. Single 
“one” bits move along the in-pointer track and the out-pointer 
track, and the out-pointer chases the in-pointer as before. The 
RAM is effectively two-port, and the two parallel buses both go 
to each and every word. Texas Instruments has announced 
some small (16x4) bipolar FIFOs based on this technical 
approach. Like the pure RAM approach, it gets rid of the fall- 
through time but needs proportionally more silicon area to store 
a given number of bits. 

Designing with FIFOs 

Returning now to the Monolithic Memories 67401 and 67402, if 
what you really need is a “deeper” FIFO, say 128x4 instead of 
just 64x4, these parts are designed to cascade using a simple 
“handshaking” procedure, without any external logic at all! If 
FIFO B follows FIFO A in the cascading sequence, the Shift In 
control input of FIFO B is connected to the Output Ready status 
output of FIFO A, and likewise the Shift Out control input of 
FIFO A is connected to the Input Ready status output of FIFO B, 
and the Master Reset control inputs are ail tied together. (See 
Figure 3.) That’s ail there is to it. Any number of FIFOs may be 
cascaded in this manner. 
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...THE MONOLITHIC MEMORIES C6740I AND C67402...Ae£ 
DESIGNED TO CASCADE USING A SIMPLE 'HANDSHAKING' 
PROCEDURE..." 



If what you really me6 is a “wider” FIFO, then you simply 
arrange 64x4 or 64x5 FIFOs side-by-side up to the required 
width. Then, you use an externa! AND gate such as a 74S08 
or 74S11 to AND the Input Ready signals of the first rank of 
FIFOs if there is more than one rank, or of the only rank of 
FIFOs if there isn’t. (See Figure 12 in the FIFO data sheet.) Like- 
wise, a similar AND gate is also needed to AND the Output Ready 
signals of the last rank of FIFOs. If you didn’t provide these 
AND gates and just took the Input Ready signal of one FIFO as 
representative of when the whole array was ready, you would be 
taking the rather large gamble that you had correctly chosen the 
slowest row in this array — and if you chose wrongly, 4-bit or 
5-bit chunks of your input word might not get read correctly 
into the FIFO where they were supposed to go. Ditto on the 
output side. So like use the AND gates. 

Although a humungus number of 67401s and 67402s are in use 
world-wide giving hassle-free service, it should be kept in mind 
that these devices are asynchronous sequential circuits. (One 
definition of “asynchronous sequential circuit” is “a fortuitous 
collection of race conditions,” but that definition is unduly 
sardonic for very carefully designed parts such as these.) If 
your board is subject to noise, or if certain data sheet setup- 
time and hold-time conditions are occasionally not met, errors 
may occur. It is prudent system-design practice to every so 
often allow a n array of FI FOs to empty out completely, and 
then issue a Master Reset. (I’m assuming, of course, to start 
with tha t you’re not t he kind of turkey who has to be told Xo 
issue a Master Reset as part of your power-up sequence.) In 
the event that you still get what appear to be occasional errors, 
very small (say from 22 to 68 picofarads) capacitors from both 
i the Shift In control input and the Shift Out input of a FIFO to 


ground will often eliminate these. But by all means start with a 
good circuit board — these are high-speed-Schottky-technoJogy 
circuits, and like to see a lot of ground-plane metal on the board, 
along with other reputable interconnection practices such as 
0.1-mjcrofarad disk capacitors between Vqq and ground 
for each chip to bypass switching noise. 

The sequence of events which occurs during the operation of 
shifting a new data word into the “top” of a FIFO is showri in 
Figure 3 in the FIFO data sheet, and the corresponding 
sequence of events for shifting out the bottom word is shown in 
Figure 7 in the FIFO data sheet. In both of these figures. It has 
been assumed that the external logic — whether it be the rest of 
your system, or just another FIFO — refrains from raising the 
respective Shift line to HIGH until the respective Ready line has 
gone HIGH. If the Shift line is raised any earlier, it simply gets 
ignored. 

When two FIFOs are cascaded as shown in Figure 3, the 
sequences of events shown In data-sheet Figures 3 and 7 are 
subject to the additional ground rule that the Output Ready line 
of the FIFO on the left in Figure 3 (call it “FIFO A”) is identically 
the Shift In line of the FIFO on the right (call it “FIFO B”). And like- 
wise, the Input Ready line of FIFO B is identically the Shift Out 
line of FIFO A. In the terminology we have been using. FIFO A 
is the “upper” FIFO and FIFO B is the “lower” FIFO. Although 
you do not normally need to be concerned about what happens 
when two FIFOs are hooked together for cascaded operation in 
this manner, since the “handshake” occurs quite automatically 
without the rest of your logic having to do anything to make It 
happen, it is an illuminating exercise to consider data-sheet Fig- 
ures 3 and 7 together in this light and see why the cascading 
works. 

In the general case, both FIFO A and FIFO B are neither com- 
pletely full nor completely empty. Thus, from the description 
already given of FIFO internal operation, after some period of 
time there will be a significant piece of data in word 63 or FIFO A 
and a “one” in the presence bit for that word. Since the word-63 
presence bit is what controls the Output Ready signal, the latter 
will at some point in time go HIGH and at that same point in time 
the data word in FIFO A word 63 is present at the output lines. 
Likewise, after some period of time there will be a vacancy in 
word 00 of FIFO B, and a “zero” in the presence bit for that word 
which in turn results in the Input Ready signal going HIGH. 
Remembering now thateach of these Ready signals is in fact the 
respectively-opposite Shift signal for the other FIFO, It may be 
seen from data-sheet Figure 3 that the conditions for inputting a 
word into FIFO B have now been met, and from data-sheet 
Figure 7 that the conditions for outputting a word from FIFO A 
and allowing the next available piece of data from somewhere 
further “up” in FIFO A to enter FIFO A word 63 have also been 
met. The time delays shown In both data-sheet Figure 3 and 
data-sheet Figure 7 from the event at 2 to the event at 3, and from 
the event at 4 to the event at 5A, are asynchronous internal- 
logic-determined times of the order of four or five gate delays, 
where the gates in question are high-speed-Schottky LSI inter- 
nal gates and have significantly less propagation delay than the 
SSI gates you can read about in data sheets. 

Returning now to applying the timing analysis shown in data- 
sheet Figures 3 and 7 to the case of FIFO A and FIFO B operating 
in cascaded mode, notice that each movement (rising or falling) 
of the Ready signal for one FIFO is activated by the movement In 
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the opposite sense (falling or rising, that is) for the Ready signal 
from the other part. The two signals, ORA/SIB (meaning “Out- 
put Ready A” which is the same signal as “Shift In B”) and 
IRB/SOA, cannot both remain HIGH at the same time for more 
than a few nanoseconds, since if they are both H IGH a data word 
will pass between the two FIFOs as already described. So, at the 
point when both the sequence of events shown in data-sheet 
Figure 3 and the sequence of events shown in data-sheet Figure 
7 have been completed, and consequently ORA/SIB and IRB/- 
SOA have both gone HIGH again, another similar sequence of 
events occurs for both FIFOs and another word is passed, and 
so forth. This process continues apace until either ORA/SIB 
sticks LOW, which can happen if FIFO A gets completely emp- 
tied out of data words and has “zeroes" everywhere in its pres- 
ence track; or until IRB/SOA sticks LOW, which can likewise 
happen if FIFO B gets completely filled and has “ones” every- 
where in its presence track. When such a deadlock situation 
occurs, it lasts until a new data word has been input into FIFO A 
and has had time to “fall all the way through” and settle into 
FIFO A word 63, or until the data word in word 63 of FIFO B has 
been read out and the resulting vacancy has had time to “bubble 
all the way back up” into FIFO B word 00, as the case may be. 

Various Uses for FIFOs 

The classical FIFO application, as already mentioned at the 
beginning of this paper, is that of matching the instantaneous 
data rates of two digital systems in a simple, economical way. 
One of the two systems may, for reasons of design economics 
or even of utter necessity, want to emit or absorb data words in 
ultra-high-speed bursts, whereas the other one may prefer to 
operate at a slow-but-steady data rate or even at an erratic rate 
which varies between ultra-slow and slow or even between slow 
and fast. No matter — it’s all the same to an asynchronous FIFO 
such as the 67401 or 67402, as long as the input rate and the 
output rate do match up over a long period of time so that it 
neither fills up nor empties out. 

There are, however, some additional uses for FIFOs which arise 
from other, rather different circumstances. For instance, your 
digital system may simply need some extra buffer storage 
scattered around locally at different points on your block 
diagram, and you and your system may really just not care 
whether this storage is accessed on a random or on a queue 
basis. Under these circumstances, it is ordinarily less hassle to 
use a FIFO than to use a small RAM and come up with some 
extra logic to generate addresses and timing signals for it. Often 
the FIFO modus operand! is in fact the natural one for the 
application: as for instance when your system must accumulate 
a block of 64 characters and then run them by all at once in 
order to examine them for the presence of some control 
character, using some scanning logic — or perhaps even a 
microprocessor — which is otherwise occupied most of the 
time. 


way for the system to sense that all is not well and halt Itself. 
Such a record of jumps can be very valuable in tracing out what 
happened just before everything went haywire. FIFOs may be 
used in this way either as part of built-in self-monitoring features 
In digital systems, qr as part of various kinds of external test 
equipment. 

FIFOs may also be used as controllable delay elements for 
digital information which cannot be used immediately upon 
receipt — perhaps it must be matched against other information 
which is not yet available, or perhaps it must be synchronized 
with other streams of information which are out of phase by a 
varying amount. An example of the latter situation is deskewing 
several bit-streams off a parallel-format magnetic tape, which 
commonly has to be done when high recording densities are 
used. One FIFO per b/f-sfream is required — but the net 
resulting logic may still be the most reliable and economical 
way to get the job done, when compared with other possible 
digital designs. Another example is that of using FIFOs as data 
memories in digital correlators; the lag in an autocorrelation 
operation can be set simply by controlling how many words are 
in the FIFO at one time, and so forth. There are even some 
applications in which it is advantageous to operate a FIFO with 
all of its input and output cycles synchronized, so that 
absolutely all it does is to delay the data by some certain 
number of clock intervals. 

References (1), (2), and (3) are formal applications notes 
available from Monolithic Memories, which discuss FIFOs from 
different viewpoints than this paper has taken. Each of them 
presents a more detailed explanation of one or more applica- 
tions than there has been room for here. Reference (1) is mainly 
an overall applications survey, reference (2) emphasizes digital 
communications, and reference (3) emphasizes digital spec- 
trum analyzers and also includes an overview of digital signal 
processing in general. 



"A LESS OBVIOUS BUT INTEREStTnG APPLICATION OF FIFOS IS AS 
AUTOMATIC 'BUS- WATCHERS' . . ." 


References 

(1) “First In First Out Memories.. .Operations and Applications,” applications 
note published March 1978 by Monolithic Memories Inc. and being 
reissued. 


A less obvious but interesting application of FIFOs is as 
automatic “bus-watchers” for jump-history recording for hard- 
ware or even software diagnostic purposes. A FIFO whose 
inputs are connected to a minicomputer’s program counter or 
microprogram counter, or to a microcomputer’s main address 
bus, may be operated so as to record every new jump address 
generated by the program. This way, if at some point the 
hardware freaks Out or the operating system crashes, a record 
exists of the last 64 jumps which were taken before the system 
was halted, assuming of course that you have provided some 


(2) “Understanding FIFO’s,” applications note published by Monolithic 
Memories Inc. The author, Alan Weissberger, has also gotten a modified 
version of this note published as a magazine article, “FIFOs Eliminate the 
Delay when Data Rates Differ,” in Efectronic Design, November 27, 1 981 , 
Despite the general title, the emphasis is on digital communications 
applications. 

(3) “PROMs, PALs, FIFOs and Multipliers Team Up to Implement Single- 
Board High-Performance Audio Spectrum Analyzer,” applications note 
published by Monolithic Memories inc. The author, Richard Wm. Blasco, 
also got this note published in E/ecfromc Des/gn in two installments, in the 
issues of August 20 and September 3, 1981 under the titles “PAL Shrinks 
Audio Spectrum Analyzer” and “PAL Improves Spectrum Analyzer Per- 
formance” respectively. 
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Asynchronous First-In First-Out Memory 

(FIFO) 16x5 

74S225/A 


Features/ Benefits 

• DC to 20-MHz shift-in/shift-out rates 

• Fully expandable by word width and depth 

• Three-state outputs 

• TTL-compatible inputs and outputs 

• Functionally compatible with T.l. SN74S225 

• Designed for extended testability 

Description 

The 74S225/A is a Schottky-clamped transistorrtransistor logic 
(STTL) 16x5 First-In-First-Out memory (FIFO) which operates 
from DC to 10/20 MHz. The data is loaded and emptied on a 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

74S225 

J, N 

10 MHz Com 

74S225A 

J.N 

20 MHz Com 


first-in-first-out basis through asynchronous input and output 
ports. These devices are used in digital systems performing data 
transfers when source and receiver are not operating at the 
same data rate. FIFOs are also used as data buffers where the 
source and receiver are not operating at the same time. Both 
word length and FIFO depth are expandable. Unload clock 

output (Pin 3) is designed for testability of Vql- 


Pin Names 


PIN# 

PIN NAME 

DESCRIPTION 

1 

CLKA 

Load clock A 

2 

IR 

Input ready 

3 

UNCK OUT 

Unload clock output 

4-8 

D0-D4 

Data inputs 

9 

OE 

Output enable 

10 

GND 

Ground pin 

11-15 I 

Q4-Q0 

Data outputs 

16 

UNCLK IN 

Unload clock input 

17 

OR 

Output ready 

18 

CIR 

Clear 

19 

CLK B 

Load clock B 

20 

< 

o 

o 

Supply voltage 


Pin Configuration 


74S225/A . . J or N Package 
(Top View) 


clkaCI 

— 

^VCC 




I^CLKB 

UNCK OUT Q] 


laj CLR 


( “>E 


OR 


diE 


^ UNCK IN 

DATA -( 

D2[7 


QO ' 



D3 |T 


13 



V d4 [7 


30 Q2 

► OUTPUTS 


OE E 


Q3 



GND |l0 


n] Q4 J 



Block Diagram 


DO 

D1 

D2 

D3 

04 


GK OUT 
r READY 


9 OUTPUT ENABLE 



TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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74S225/A 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


. -0.5 V to 7 V 
. -1.5 V to 7 V 
-0.5 V to 5.5 V 
-65 to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

74S225 

MIN TYP MAX 

74S225A 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 


4.75 5.25 

4.75 5.25 

V 

‘A 

Operating free-air temperature 


0 75 

0 75 


kCKH 

LOAD CLOCK pulse width, A or B, t^^ (HIGH) 

2 

25 

22 36 

ns 

‘ids 

Setup time, data to load clock 

2 ' 

-201* 

-20!* 

ns 

^IDH 

Hold time, data from load clock 

2 

70! 

50! 

ns 

‘UCKL 

UNLOAD CLOGK INPUT pulse width, t^y, (LOW) 

4 

7 

7 36 

ns 

‘CLW 

CLEAR pulse width, tyy^ (low) | 

2 

40 

20 

ns 

‘CLCK 

Setup time, clear release to load clock, tgy i 

2 

25! 1 

“10 

ns 


* Data must be setup within 20 ns after valid Load Clock (A or B) pulse (positive transition), 
t = Arrow indicates that it is referenced to the o-high transition. 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

74S225 

TYP 

MAX 

74S225A 

MIN TYP MAX 

UNIT 

‘in 

Load clock A or clock B 

Cascade Mode** 

2 


20 


20 

22 


MHz 

: 

Standalone Mode 



•lcirl 

CLKAorCLKBtoIRi ** 

2 


55 

75 


43 

55 

ns 

‘lccol 

CLK A or CLK B to UNCK OUTi 

2 


25 

50 


31 

40 

ns 

‘out 

Unload clock input 

Cascade Mode*** 

4 

10 

20 


20 

22 


MHz 

Standalone Mode 



‘UCKORL 

UNCK IN i to OR LOW 

4 


30 

45 


26 

35 

ns 

‘UCKORH 

UNCK IN ! to OR HIGH 

4 


40 

60 


32 

45 

ns 

*ODH 

Output data hold, UNCK IN to output data 

4 

20 

50 


20 

30 


ns 

*ODS 

Output data setup, UNCK IN to output data 

4 ^ 


50 

75 


41 

55 

ns 

‘rip 

CLK A or CLK B to OR ! 

7 


190 

300 


167 

220 

ns 

‘CLOL 

CLRtoORl 

6 


35 

60 


31 

40 

ns 

'CLIH 

CLRtoIRt ' ~~ 

6 


16 

35 


15 

20 

ns 

^UCKOW 

Pulse width, UNCK OUT, t^^ 

2 

7 

14 


7 

11 


ns 

^ORD 

OR ! to output data 

4 


10 

20 


9 

15 

ns 

‘bubi 

UNCK IN to IR ! (bubble-back time) 

8 


255 

400 


214 

290 

ns 


UNCK IN to UNCK OUT 1 (bubble-back time) 

8 


270 

400 


226 

290 

ns 


I Arrow indicates that it is referenced to the high-to-low transition. 
** 16th word only 

★ * * Devices connected to provide FIFO of greater than 16 word depth. 
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74S225/A 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

FIGURE 

74S225 
MIN TYP 

MAX 

74S225A 

MIN TYP MAX 

UNIT 

*PHZ 

Output disable delay, OE to Qj, Cl = 5 pF 

1 

10 

25 

8 

25 

ns 

*PLZ 

18 

25 

*PZL 

Output enable delay, OE to Qj, Cl = 5 pF 

1 

25 

40 

19 

40 

ns 

*PZH 

23 

40 


Test Load for Bi-State Output Test Load for Three-State Output 


VCC 



j/s2 



* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


Input Pulse Amplitude = 3.0 V 

Input Rise and Fall Time (15%-90%) = 2.5 ns 

Measurements made at 1.5 V 



Figure 1. Enable and Disable 


Waveform 1 is for an output with internal conditions such that the output is 
low except when disabled. 

Waveform 2 is for an output with internal conditions such that the output is high 
except when disabled. 
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74S225/A 


ElOCtriCSl ChsraCtOf istiCS over operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2.0 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| = -18 mA 

-1.5 

V 

l|L1 

Low-level 
input current 

D0-D4 

Vqq = max 

V| = 0.5V 

_ 1 

mA 

l|L2 

All others 

-.25 

mA 

•iH 

High-level Input current 

Vqq = MAX 

V| = 2.7V 

Data inputs 

40 

mA 

Others 

25 

'I 

Maximum input current 

Vqc = max 

V, = 5.5V 

1 

mA 

VOL 

* " 

Low-level output voltage 

■ 

Vqq = MIN 

Iql - (Data outputs) 

0.5 

V 

Iql = 8 (All others) 

VOH 

High-level output voltage 

Vqq= min 

Iqh ~ niA (Data outputs) 

2.4 

V 

Iqh = - 3.2 mA (All others) 

'os 



Output short-circuit current 

Vqq = MAX 

> 

0 

II 

0 

> 

-30 -100 

mA 

'hz 

Off-state output current 

Vqc = max I 

Vq = 2.4 V 

50 

nA 

'lz 

Vqc = max 

Vo = 0.5V 

-50 

mA 

'cc 

Supply current 

Vqq = MAX 

I 

Inputs low. All 
outputs open 

74S225 

80 120 

mA 

74S225A 

80 125 


* To measure Vql on Pin 3, force 10 V on Pin 9 (Extended Testability). 


* * Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


Functional Description 

Data input 

After power up the CLEAR is pulsed low (Figure 5) to prepare the 
FIFO to accept data in the first location. Clear must be applied 
prior to use to ensure proper operation. When Input Ready (IR) 
is HIGH, the first location is ready to accept data from the 
inputs. Data then present at the data inputs is entered into the first 
location when both Load Clocks (CLK Aand CLK B) are brought 
HIGH. The CLK A HIGH and CLK B HIGH signal causes the IR 
and UNCK OUT to pulse LOW. Once data is entered into the first 
cell, the transfer of data from any full cell to the adjacent (down- 
stream) empty cell is automatic, activated by an on-chip control. 
Thus data will stack up at the end of the device while empty 
locations will “bubble” to the front, tpip defines the time required 
for the first data to travel from input to the output of a previously 
empty device. When the sixteenth word is clocked into the 
device, the memory is full (sixteen words) and IR remains low. 
The Unload Clock Output is provided chiefly for use in cascading 
devices to extend FIFO depth (Figure 9). When Input Ready is 
Low, do not attempt to shift-in new data. 

Data Output 

Data is read from the Qx outputs. When data is shifted to the 
output stage. Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Unload Clock Input (UNCK IN) LOW. 
A LOW signal at UNCK IN causes the OR to go LOW. Valid data is 
maintained while the UNCK IN Is LOW. When UNCK IN is 
brought HIGH the upstream data, provided that stage has valid 
data, is shifted to the output stage. 


When new valid data Is shifted to the output stage, OR goes 
HIGH. If the FIFO Is emptied, OR stays LOW and Data remains 
valid for the last word. 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tguBl) o*' completely empty (Output 
Ready stays LOW for at least tpi p). 

AC Test and High-Speed App. Notes 

Since the FIFO is a high-speed device, care must be exercised In 
the design of the hardware and the timing utilized within the PC 
board design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. We recommend a monoli- 
thic ceramic capacitor of 0.1 nf directly between Vqq and GND 
with very short lead length. In addition, care must be exercised in 
how the timing is set up and how the parameters are measured. 
For example, since an AND gate function is associated with both 
the Load Clocks (A, B) — Unload Clock Output-Input Ready- 
combination, as well as the Unload Clock Input-Output Ready 
combination, timing measurements may be misleading, i.e., ris- 
ing edge of the Load Clock pulse is not recognized until Input 
Ready is HIGH. If Input Ready is not high due to (a) too h igh a 
frequency, or (b) FIFO being full or affected by (CLR), the 
LOAD-CK activity will be ignored. This will affect the device 
from a functional standpoint, and will also cause the “effective” 
timing of Input Data Hold time (t|DH) ^^d the next activity of 
Input Ready (tLCIRL) to be extended relative to Load Clock (A or 
B) going HIGH. 
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74S225/A 


3 CLOCK \ / \ 

(BORA) ^ \ / Y 



NOTES: 1. Permissible negative setup time for Input data 

2. Measure tLoiRL 16th input word only 

Figure 2. Input Timing 


LOAD CLOCK 
(B ORA) 


/ 





NOTES: 1. input Ready HIGH indicates space is available and a Load Clock (A and B) pulse may be applied. 

2. Input Data is loaded into the first word. 

3. Unload Clock Output pulses indicating the first word is full and the Data from the first word is released for “fall-through” to 
second word. 

4. If the second word is already full, then the data remains at the first word. Since the FIFOis now full, Input Ready remains LOW. 

Figure 3. The Mechanism of Clocking Data into the FIFO 
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74S225/A 



UNLOAD 
CLOCK INPUT 




OUTPUT READY 


OUTPUT DATA 








0 


NOTES: 1. Output Ready HIGH indicates that data is available and an Unload Clock Input pulse may be applied. 

2. Unload Clock Input goes LOW creating an empty position at word 16 for word 15 to “fall-through” to. 

3. Output Ready goes LOW. 

4. Unload Clock Input goes HIGH, causing Output Ready to go HIGH, indicating that new data (B) is now available at the FIFO outputs. 

5. If the FIFO has only one word loaded (A-DATA), then Output Ready stays LOW and the A-DATA remains on the outputs. 

NOTE: Assume FIFO initially contains at least two words. 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


8-16 


MonolHhlo 




Memories 





74S225/A 





CLEAR ^ 

*CLIH— 

INPUT READY 

L 

1 


1 

\ 


*CLOL ► 


OUTPUT READY ^ 





1 


‘CLCK 

LOAD CLOCK 

(AANDB) 7 

L 


NOTE: Assume FIFO is full before CLEAR goes active. 

Figures Clear Timing 

LOAD CLOCK ^HIGH 

(A OR B) 



INPUT 


NOTES; 1, FIFO is initially empty. 

2. Unload Clock Input and one Load Clock held HIGH throughout. 

Figure?. tp|p Specifications 



(Aand B) 


NOTES: 1. FIFO is initially full. 

2. Load Clock (A and B) held HIGH throughout. 

Figure 8. t0y0|, t0g0Q Specifications 
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74S225/A 


10 BITS 
DATA IN 
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First-In First-Out (FIFO) 64x4 64x5 
Cascadable Memory 

C5/67401 C5/67401A C67401B 
C5/67402 C5/67402A C67402B 


Features/Benefits 

• Choice of 16.7, 15 and 10 MHz $hift-out/shift-in rates 

• Choice of 4-bit or 5-bit data width 

• TTL inputs and outputs 

• Readily expandable in the word and bit dimensions 

• Structured pinouts. Output pins directly opposite corres- 
ponding input pins 

• Asynchronous operation 

• Pin-compatible with Fairchild’s F3341 MOS FIFO and many 
times faster 

Description 

The C5/C67401B/2B/1A/2A/1/2 are “fall-through” high speed 
First-In First-Out (FIFO) memory organized 64 words by 4 bits 
and 64 words by 5 bits respectively. A 16.7 MHz data rate allows 
usage in digital video systems; a 15 MHz data rate allows usage 
in high speed tape or disc controllers and communications buffer 
applications. Both word length and FIFO depth are expandable. 

Block Diagrams 

C57401/A 64x4 
C67401A/B 64x4 



MASTER RESET 

Pin Configurations 

C57401/A 64x4 
C67401A/B 64x4 


51 [T 

INPUT READY [7 
SHIFT IN [T 

I DO IT 


16 1 VCC 

SHIFT OUT 
^ OUTPUT READY 

2^ oo 

_ OUTPUT 

^ 02 

10| 03 


Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

h. ■ " ■ ' 

DESCRIPTION 

C57401 

J{20)(L) 

Mil 

7MHz 

64x4 

FIFO 

C67401 

J,N,NL(20) 

Com 

10 MHz 

64x4 

FIFO 

C57402 

J(20)(L) 

Mil 

7MHz 

64x5 

FIFO 

C67402 

J,N,NL(20) 

Com 

10 MHz 

64x5 

FIFO 

C57401A 

J,{20)(L) 

Mil 

10 MHz 

64x4 

FIFO 

C67401A 

J,N,NL(20)1 

Com 

15 MHz 

64x4 

FIFO 

C57402A 

J.{20)(L) i 

Mil 

i 10 MHz 

64x5 

FIFO 

C67402A 

J,N,NL(20) 

Com 

15 MHz 

64x5 

FIFO 

C67401B 

J 1 

Com 

16.7 MHz 64x4 FIFO 

C67402B 

J 

Com 

16.7 MHz 64x5 FIFO 


C57402/A 64x5 
C67402A/B 64x5 



C57402/A 64X5 
C67402A/B 64x5 


NC |J_ 
INPUT READY |T 
SHIFT IN 

( DO rr 


[5_ DO 
OUTPUTS [T 01 

(T D2 

fT NC 


D3 GND MR 03 NC 

MNliiiNN 


28j VCC 
^ SHIFT OUT 
TH OUTPUT READY 
JIJ OO 
u] 01 

02 OUTPUTS 
2^ 03 
3 04 

MASTER RESET 


; INP NC VCC SFT 
RDY 

64x5 oo HJ 

FIFO oi iel 

C67402/A 


D4 GND MR 04 NC 

L9||,0|lll|li2||l3| 
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C67401B/2B Cascadable 


. -0.5 Vto7V 
. -1.5 V to 7 V 
-0.5 V to 5.5 V 
65° to +150° G 


Operating Conditiens C67401 B/2B 


SYMBOL 

PARAMETER 

— 

FIGURE 

COMMERCiAL 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 


4.75 5 5.25 

V 

Ta 

Operating free-air temperature 


0 75 

°c 

^SIHt 

Shift in HIGH time 

1 

18 

ns 

*SIL 

Shift in LOW time 

1 

18 

ns 

t|DS 

Input data setup 

1 

0 

ns 

Udh 

Input data hold time 

1 

40 

ns 


Shift Out HIGH time 

5 

18 

ns 

*SOL 

Shift Out LOW time 

5 

18 

ns 

tMRW 

Master Reset pulse 

10 

■ 35 -. 

ns 

^MRS 

Master Reset to SI 

10 

'■ 35 ; 

ns 


Switching Characteristics C67401 B/2B 


Over Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 

MIN TYP MAX 

UNIT 

f|N 

Shift in rate 

" 

1 

16.7 

MHz 

t|RL 

Shift In to Input Ready LOW 

1 

35 

ns 

t|RH + 

Shift In to Input Ready HIGH 

1 

37 

ns 

*OUT 

Shift Out rate 

5 

16.7 

MHz 

*ORLt 

Shift Out to Output Ready LOW 

5 

38 

ns 

*ORHt 

Shift Out to Output Ready HIGH 

5 

48 

ns 

*ODH 

Output Data Hold (previous word) 

5 

5 

ns 

‘ODS 

Output Data Shift (next word) 

5 

44 

ns 

tpT 

Data throughput or “fall through” 

4, 8 

1.45 

ws 

^MRORL 

Master Reset to OR LOW 

-10 ■ ; I 

55 

ns 

^MRIRH 

Master Reset to IR HIGH 

10 

55 

ns 

t|pH* 

Input Ready pulse HIGH 

4 ' 1 

20 

ns 

<OPH* 

Output Ready pulse HIGH 

8 

20 

ns 


t See AC test and High speed application note. 

♦This parameter applies to FIFOs communicating with each other in a cascaded mode. 
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Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage tern peratu re 















C5/C67401 A/2A Cascadable 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-State output voltage 

Storage temperature 


Operating Conditions C5/C67401 A/2A 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

MILITARY 

TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 


45 

5 5.5 

4.75 

5 5.25 

V 

Ta 

Operating free-air temperature 


-55 

*125 

0 

75 

OQ 

^SIHt 

Shift in HIGH time 

1 


23 

ns 

*SIL 

Shift in LOW time 


■354.V' ' : ; 


ns 

^IDS 

Input data setup i 



■O- 

ns 

^IDH 

Input data hold time 


45 

40 : 

ns 

’SOHt 

Shift Out HIGH time 


.■■..36: 

:23 ■■■.■■; 

ns 

^SOL 

j Shift Out LOW time i 



25 , 

ns 

^MRW 

i Master Reset pulse 

10 

40 

'-35^'' - 

ns 

^MRS 

1 Master Reset to SI 

10 

45 

;'35. . 

! ns 


♦Case temperature. 


Switching Characteristics C5/C67401 A/2A Over Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 

^IN 

Shift in rate 

1 

10 

15 

MHz 

^IRL^ 

Shift In to Input Ready LOW 

1 

50 

40 

ns 

^irh'*' 

Shift In to Input Ready HIGH 

1 

50 

40 

ns 

<OUT 

Shift Out rate 

5 

10 

15 

MHz 

^ORLt 

Shift Out to Output Ready LOW 

5 

65 

45 

ns 

^orh"^ 

Shift Out to Output Ready HIGH 

5 

65 

50 

ns 

*ODH 

Output Data Hold (previous word) 

5 

10 

10 

ns 

*ODS 

Output Data Shift (next word) 

! . : ',■'5 ■■ 

■ 00 \ 

45 

ns 

tpT 

Data throughput or “fall through” 

i 4,8 


; - ^ ^t.6 ^ 

MS 

^MRORL 

Master Rejjet to OR LOW 

10 

00 

:60 

! ns 

^MRIRH 

Master Reset to IR HIGH 

10 

■ 65-"-' 

.'60, ;■■ 

i ns 

‘IPH* 

Input Ready pulse HIGH 



23 

ns 

•OPH* 

Output Ready pulse HIGH 


30 

23 

ns 


i t See AC test and High Speed application note. 

!♦ This parameter applies to FIFOs communicating with each other in a cascaded mode. 


. . -0.5 V to 7 V 
. . -1.5 V to 7 V 
-0.5 V to 5.5 V 
-65° to +150°G 
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C5/C67401/2 Cascadable 


Absolute Maximum Ratings 

Supply voltage Vqq -0.5 V to 7 V 

Input voltage -1.5Vto7V 

Off-state output voltage -0.5 V to 5.5 V 

Storage temperature -65° to +1 50° C 

Operating Conditions C5/C67401/2 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

MILITARY 

TYP 

MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

. 

4.5 

5 

5.5 

4.75 

5 5.25 

V 

TA.-: 

Operating free-air temperature 


-55 


*125 : 

b 

75 


^SIHt 

Shift in HIGH time 

1 

45 

23 

ns 

^SIL 

Shift in LOW time 

1 

45 

35 

ns 

^IDS 

Input data setup 

1 

0 

0 

ns 

^IDH 

Input data hold time 

1 

55 

45 

ns 

*SOHt 

Shift Out HIGH time 

5 

45 

23 

ns 

'sol 

Shift Out LOW time 

5 ' 

45 

35 

ns 

^MRW 

Master Reset pulse 

10 

30 

35 

ns 

^MRS 

Master Reset to SI 

10 i 

45 

"35' 

ns 


♦Case temperature. 

Switching Characteristics C5/C67401 /2 Over Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 

^IN 

Shift in rate 

1 

7 

10 

MHz 

'irl'’ 

Shift In to Input Ready LOW 

1 

60 

45 

ns 

^irh'*' 

Shift In to Input Ready HIGH 

1 

60 

45 

ns 

'out 

Shift Out rate 

5 

.. y . ■" 

io 

MHz 

'orl'' 

Shift Out to Output Ready LOW 

5 

65 

■55:" ■■ 

ns 

'orh^ 

Shift Out to Output Ready HIGH 

5 

70 

6b 

hs 

^ODH 

Output Data Hold (previous word) 

5 

10 

10 

ns 

^ODS 

Output Data Shift (next word) 

5 

65 

" 55" ■ ■' 

ns 

tpT 

Data throughput or “fall through” 

4,8 

4 


MS " 

^MRORL 

Master Reset to OR LOW 

10 

65 

60 

ns 

^MRIRH 

Master Reset to IR HIGH 

10 

65 

60 

ns 

*IPH* 

Input Ready pulse HIGH 

4 

30 

23 

ns 

topH* 

Output Ready pulse HIGH 

8 

i 

30 

23 

ns 


t See AC test and High Speed application note. 

♦This parameter applies to FIFOs communicating with each other in a cascaded mode. 

Test Load 


The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 



^ TEST POINT* 


Input Pulse 0 to 3 V 

Input Rise and Fall Time (10% - 90%) 

5 ns minimum 

Measurements made at 1 .5 V 
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C5/C6740i B/A/2B/2A/1 /2 Cascadable 


Electrical Characteristics Over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 

^ 

— - ' -==( 

0.8t 

V 

V|H 

High-level input voltage 


2t 

V 

V|C 

Input clamp voltage 

Vqq = MIN l| = -18mA 

-1 .5 

V 

'iLI 

Low-level 
input current 

Do“Dn, MR 

Vqq - MAX V| = 0 45V 

-0.8 

mA 

'lL2 

SI. SO 

-1.6 

mA 

l|H 

High-level input current 

Vcc = ^1 " 

50 

. 

mA 

I| 

Maximum input current 

VCC = MAX V| = 5 5 V 


mA 

VoL 

Low-ievel output voltage 

Vcc " 

*OL ^ 8mA 

0.5 

,V 

VqH 

High-level output voltage 

Vcc " 

lOH ^ “09mA 

2.4 

V 

'os 

Output shortK:lrcuit current * 

Vcc = max Vq = ov 

-20 -90 

mA 

'cc 

Supply current 

Vcc = max 

Inputs low, 
outputs open 

' 

C5/67401 

160 

mA 

C5/67402 

180 

C67401A 

170 

C6702A 

190 

C67401B, G57401A 

180 

C67402B, C57402A 

200 


*Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
tThere are absolute voltage with respect to device GND (Pin 8 or 9) and includes all overshoots due to test equipment 


Functional Description 
Data Input 

After power up the Master Reset is pulsed low (Fig. 10) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (I R) Is HIGH the location is ready to accept data from the 
□x inputs. Data then present at the data Inputs is entered into 
the first location when the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 

Data Transfer 

Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 
end of the device while empty locations will "bubble” to the front. 
tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. 

Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage. Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is'shifted to the output stage, OR goes 


MtmamMc 


HIGH. If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (i.e. data does not change if FIFO is empty). Input 
Ready and Output Ready may also be used as status signals 
indicating that the FIFO is completely full (Input Ready stays 
LOW for at least tpj) or completely empty (Output Ready 
stays LOW for at least tpT). 

AC Test and High Speed App. Notes 

Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing util- 
ized within the design. The internal shift rate of the FIFO 
typically exceeds 20 MHz in operation. Device grounding and 
decoupling is crucial to correct operation as the FIFO will 
respond to very small glitches due to long reflective lines, 
high capacitance and/or poor supply decoupling and groun- 
ding. We recommend a monolithic ceramic capacitor of 0.1 
pF directly between Vcc GND with very short lead 
length. In addition, care must be exercised in how the timing 
issetupand howthe parameters are measured. For example, 
since an AND gate function is associated with both the Shift 
In-Input Ready combination, as well as the Shift Out-Output 
Ready combination, timing measurements may be mislead- 
ing, i.e. rising edge of the Shift-In pulse is not recognized 
until Input-Ready is High. If Input-Ready is not high due to 
too high a frequency or FIFO being full oraffected by Master 
Reset, the Shift-In activity will be ignored. This will affect the 
device from a functional standpoint, and will also cause the 
“effective” timing of Input Data Time (t|DH) Qi^cl the next 
activity of Input Ready (t|RL) to be extended relative to Shift- 
In going High. This same type of problem is also related to 
t|RH. tORL and tQRH as related to Shift-Out. 
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INPUT DATA 



Rgure 3. The Mechanism of Shifting Data into the FIFO 


O 

© 

© 

© 

@ 

® 


Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 

Input Data is loaded into the first word. 

Input Ready goes LOW indicating the first word is full. 

The Data from the first word is released for "fall-through” to second word. 

The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH 
If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low 
NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 4). 









o FIFO is initially full. 

Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
^Shift In is held HIGH 


(D 

© 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 
The Data from the first word is released for “fall through” to second word. 



The diagram assumes, that at this time, words 63, 62, 61 are loaded with A, B, C Data, respectively 
Data is shifted out when Shift Out makes a HIGH to LOW transition. 


Figure s. Output Timing 


MonoUthio InJIUl Memories 
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C5/C67401 A/2A/1 /2, C67401 B/2B Ca^adable 


SHIFT OUT 

OUTPUT READY 


OUTPUT DATA 



Figure 6. Typical Waveforms for 10 MHz Shift Out Data Rate 


O 

© 


The diagram assumes, that at this time, words 63, 62, 61 are loaded with A, B, C Data, respectively. 
Data in the crosshatched region may be A or B Data. 



OUTPUT READY 


o 


OUTPUT DATA 







Figure 7. The Mechanism of Shifting Data Out of the FIFO. 

Output Ready HIGH indicates that data IS available and a Shift Out pulse may be applied. 

Shift Out goes HIGH causing the next step. 

Output Ready goes LOW: 

Contents of word 62 (B-DATA) is released for "fall through” to word 63. 

Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. ^ 

^ 5 ^ If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 

NOTE; Shift Out pulses applied when Output Ready is LOW will be ignored. 
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OUTPUT READY ■ 


OUTPUT DATA 


A///////////// 

/////////////// 



Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HiGH. 


Word 63 is empty. 

© New data (A) arrives at the outputs (word 63). 

Output Ready goes HIGH indicating the arrival of the new data 


Since Shift Out is held HIGH, Output Ready goes immediately LOW. 

© As soon as Shift Out goes LOW the Output Data is subject to change 
as shown by the dashed line on Output Ready. 







C5/C67401 A/2A/1 /2, C67401 B/2B Cascaiiable 



Figure 11. Cascading FIFOs to Form 128x4 FIFO with C5/C67401A/1 


FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the 
FIFOs themselves. 



Figure 12. 192x12 FIFO with C5/C67401/1A/1B 


FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite 
Input and Output Ready flags. This need is due to the different fall-through times of the FIFOs. 
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C5/C67401 A/2A/1 /2, C67401 B/2B Cascadable 


Applications 


RESET 



NOTE: The output of monostable holds off the “Buffer full" interrupt for 
1 00ns. If 1 00ns after shift in, there has not been an inppt Ready to reset 
the “D Flip-flop” an interrupt is issued, as the FIFO is full. The CPU 
then empties the FIFO before the next character Is output from the 
tape drive. 

Figure ia Slow Steady Rate to Fast ‘Blocked” Rate 



NOTE: Both depth and width expansion can be used in this mode. The I R and 
OR signals are the ended versions of the individuafl Rand OR signals. 


Figure 14. Bidirectional FIFO Application 
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First-In First-Out (FIFO) 64x4 64x5 

Standalone Memory 

5/67401 5/67401 A 67401 B 

5/67402 5/67402A 67402B 


Features/Benefits 

• Choiceof16.7,15and10MHzshm-out/shm-inrates 

• Choice of 4-bit or 5-bit data width 

• TTL inputs and outputs 

• Readily expandable in the word dimension only 

• Structured pin outs. Output pins directly opposite 
corresponding input pins 

• Asynchronous operation 

• Pin-compatible with Fairchild’s F3341 MOS FIFO and many 
times as fast 

Description 

The 5/67401 B/2B/1A/2A/1/2 are “fall-through” high speed First- 
In First-Out (FIFO) memory organized 64 words by 4-bits and 
64 words by 5-bits respectively. A 16.7 MHz data rate allows 
usage in digital video systems; a 15 MHz data rate allows usage 
in high speed tape or disc controllers and communication buffer 
applications. Word length is expandable; FIFO depth is not 
expandable. 


Block Diagrams 

67401/A/B 64x4 
57401/A 64x4 



MASTER RESET 


Ordering Information 


PART 

iSIUMBER 

PKG 

TEMP 

DESCRIPTION 

57401 

J(^0)(L) 

Mil 

7 MHz 64x4 FIFO 

67401 

J,N,NL(20) 

Com 

10 MHz 64x4 FIFO 

57402 

J(20)(L) 

Mil 

7MHz 64x5 FIFO 

67402 

J,N,NL(20) 

Com 

10 MHz 64x5 FIFO 

57401 A 

J.(20)(L) 

Mil 

10 MHz 64x4 FIFO 

67401 A 

J.N.NL(20) 

Com 

15 MHz 64x4 FIFO 

57402A 

J,(20)(L) . 

Mil 

10 MHz 64x5 FIFO 

67402 A 

J,N,NL(20) 

Com 

15 MHz 64x5 FIFO 

67401 B 

J 

Com 

16.7 MHz 64x4 FIFO 

67402B 

J 

Com 

16.7 MHz 64x5 FIFO 


5/67402/A/B 64x5 
57402/A 64x5 



MASTER RESET 


Pin Configurations 

CS7401/A 64x4 
C67401A/B 64x4 



C57402/A 64x5 
C67402A/B 64x5 



Plastic Chip Carrier 



Plastic Chip Carrier 


21 75 Mission College Blvd. Santa Clara, C A 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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67401 B/2B Standalone 


Absolute Maximum Ratings 


Supply voltage Vqq -1.5 V to 7 V 

Input voltage ... -1 .5 V to 7 V 

Off-state output voltage -0.5 V to 5.5 V 

Storage temperature -65° to +150° C 


Operating Conditions 67401 B/2B 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 

UNIT 



MIN 

TYP MAX 

< 

O 

o 

Supply voltage 


4.75 

5 5.25 

V 

Ta 

Operating free-air temperature 


0 

75 

°c 

^sih”^ 

Shift in HIGH time 

1 

18 

ns 

^SIL 

Shift in LOW time 

T 

18 

ns 

‘ids 

Input data setup 

1 

. 5 . 

ns 

t|DH 

Input data hold time 

1 

40 

ns 

^SOHt 

Shift Out HIGH time 

, S' '■ , 


ns 

•sol 

Shift Out LOW time 

5 

18.' 

ns 

^MRW 

Master Reset pulse 

10 

. ,35: , ,, , 

ns . 

^MRS 

Master Reset to SI 

10 

, '35 .. 

:' ' '.ns ... 


Switching Characteristics 67401 B/2B 

Over Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 

MIN TYP MAX 

UNIT 

^IN 

Shift in rate 

1 

16.7 

MHz 

t|RL 

Shift In to input ready LOW 

1 

^.. '35.''''. 


t|RH 

Shift In to input ready HIGH 

1 


- ■,ns, ' ^ 

‘out 

Shift Out rate 

5 

16.7 

MHz 

‘ORlt 

Shift Out to Output Ready LOW 

5 

" . .38','',' 


^qrhI 

Shift Out to Output Ready HIGH 

5 

''48' ' 


toOH 

Output Data Hold (previous word) 

5 

5 ; 

ns 

toos 

1 Output Data Shift (next word) i 

5 

'.,''.44 ; 

ns 

tpT 

Data throughput or “fall through” 

4,8 


MS 

^MRORL 

Master Reset to OR LOW i 

10 

55 

ns 

^MRIRH 

Master Reset to IR HIGH i 

10 

55 

ns 

^IPH 

Input Ready pulse HIGH i 

4 

15 

ns 

^OPH 

Output Ready pulse HIGH 

8 

, .. .15^ . ■ ' 

ns 


tSee A'C Test and High Speed Application Note. 
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5/67401 A/2 A Standalone 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


.. -0.5 V to 7 V 
.. -1.5Vto7 V 
-0.5 V to 5.5 V 
-65° to +150°C 


Operating Conditions 5/67401 A/2A 


SYMBOL 

PARAMETER 

FIGURE 

MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 


4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 


-55 *125 

0 75 

OQ 

^SIHt 

Shift in HIGH time 

1 

35 

23 28t 

ns 

*SIL 

Shift in LOW time 

1 

35 

25 

ns 

*IDS 

Input data setup 

1 

5 

5 

ns 

t|DH 

Input data hold time 

1 

45 

40 

ns 

^SOHt 

Shift Out HIGH time 

5 

35 

23 

ns 

^SOL 

Shift Out LOW time 

5 

35 

25 

ns 

^mrw 

Master Reset pulse 

10 

40 

35 

ns 

^MRS 

Master Reset to SI 

10 

45 

35 

ns 


♦Case temperature. 


Switching Characteristics 5/67401 A/2A 


Over Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 

^IN 

Shift in rate 

1 

10 

18 

MHz 

^IRL'*' 

Shift In to Input Ready LOW 

1 

50 

40 

ns 

t|RH+ 

Shift In to Input Ready HIGH 

1 

50 

40 

ns 

^OUT 

Shift Out rate 

5 

10 

15 

MHz 

‘ORLt 

Shift Out to Output Ready LOW 

5 

65 

45 

ns 

^orh"^ 

Shift Out to Output Ready HIGH 

5 

65 

50 

ns 

*0DH 

Output Data Hold (previous word) 

5 

10 

10 

ns 

*0DS 

Output Data Shift (next word) 

5 

60 

45 

ns 

tpT 

Data throughput or “fa!! through” 

4, 8 

2.2 

1.6 

MS 

^MRORL 

Master Reset to OR LOW 

to 

65 

60 

ns 

^MRIRH 

Master Reset to IR H!GH 

10 

65 

60 

ns 

hPH 

Input Ready pu!se HIGH 

4 

20 

20 

ns 

tOPH 

Output Ready pulse HIGH 

8 

20 

20 

ns 
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Absolute Maximum Ratings 


Supply voltage Vqq ........ -O S V to 7 V 

Input voltage -1.5 V to 7 V 

Off-state output voltage -0.5 V to 5.5 V 

Storage temperature -65° to +150°C 


Operating Conditions 5/67401/2 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

MILITARY 

TYP MAX 

COMMERCIAL 

MiN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 


4.5 

5 5.5 

4.75 

5 5.25 

V 

Ta 

Operating free-air temperature 


-55 

♦125 

0 

75 

°c 

^SIHt 

Shift in HIGH time 

1 

45 

35 

ns 

'SIL 

Shift in LOW time 

1 

45 

35 

ns 

^IDS 

Input data setup 

1 

10 

5 

ns 

t|DH 

Input data hold time 

1 

55 

45 

ns 

tsOHt 

Shift Out HIGH time — — 

5 

45 

35 

ns 

*SOL 

! Shift Out LOW time 

5 

45 

35 

ns 

^MRW 

Master Reset pulset 

to 

30 

35 

ns 

^MRS 

Master Reset to SI 

10 

45 

35 

ns 


♦Case temperature. 


Switching Characteristics 5/67401 /2 

Over Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

MILITARY 

TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 

^IN 

Shift in rate 

'I- 

7 

to 

MHz 

*IRLt 

Shift In to input ready LOW 


60 

45 

ns 

*IRHt 

Shift In to input ready HIGH 

1 

60 

. ' "'45 

ns 

^OUT 

Shift Out rate 

5 

7 

■ TO'.- 

MHz 

‘ORLt 

Shift Out to Output Ready LOW 

5 

65 


ns 

^ORHt 

Shift Out to Output Ready HIGH 

5 

70 

60 

ns 

toOH 

Output Data Hold (previous word) 

5 

I 

10 

;/t0". ■ 

ns 

•ODS 

1 Output Data Shift (next word) 

, ■ 5 

65 

! 55 

r 

ns 

tpT 

Data throughput or “fall through” 

4.8 

4 ■■ 

■ ' ' - ' 3'. 

JUS 

^MRORL 

Master Reset to OR LOW 

to 

65 

■ ' '" 60 --^ ^ 

ns 

^MRIRH 

Master Reset to IR HIGH 

10 

■ m 

60 

ns 

t|PH 

Input Ready pulse HIGH 

4 

20 

-20 

ns 

^OPH 

Output Ready pulse HIGH 

8 

20 


hs 


tSee AG test and high speed application note. 

Test Load 


The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


-0 TEST POINT* 


30pF 


Input Pulse 0 to 3 V 

Input Rise and Fall Time (10% - 90%) 

5 ns minimum 

Measurements made at 1 .5 V 
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Electrical Characteristics over operating conduiona 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 


V|L 

Low-level input voltage 


0.8t 

V 

V|H 

High-level input voltage 


2t 

V 

V|C 

Input clamp voltage 

Vqq = MIN l| = -18mA 

-15 

V 

•iLI 

Low-level 
input current 

Do-Dn, MR 

Vcc = V| = 0.45V 

-0.8 

mA 

'lL2 

SI, SO 

-1.6 

mA 

'IH 

High-level input current 

Vcc = MAX V| = 2.4V 

50 

mA 

ii 

Maximum input current 

VCC = MAX V| = 5.5V 

1 

mA 

''OL 

Low-level output voltage 

Vqq - MIN 

Iql = 8mA 

0.5 

V 

Vqh 

High-level output voltage 

Vqq = MIN 

'oh ■ -0.9mA 

2.4 

V 

'os 

Output short-circuit current * 

Vcc " max Vq = ov 

-20 - 90 

mA 

'cc 

Supply current 

Vcc = max 

Inputs low, 
outputs open. 

5/67401 

160 


5/67402 

180 


67401A 

170 


67402A 

190 


67401 B, 57401 A 

180 


67402B, 57402A 

200 



* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second 
tThere are absolute voltages with respect to degree GND (PIN 8 or 9) and includes all overshoots due tp test equipment. 


Functional Dsscri|>tion 
Data Input 

After power up the Master Reset is pulsed low (Fig. 10) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
□x inputs. Data then present at the data inputs is entered into 
the first location when the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 

Data Transfer 

Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 
end of the device while empty locations will "bubble” to the front. 
tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. 

Data Output 

Data is read from the Ox outputs- When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
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HIGH. If the FIFO is emptied, OR stays LOW, and O^ remains as 
before, (i.e. data does not change if FIFO is empty). 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpx) or completely empty (Output Ready 
stays LOW for at least tpj). 

AC Test and High Speed App. Notes 

Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The interrial shift rate of the FIFO typically exceeds 
20 MHz in operation. Device grounding and decoupling is cru- 
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitance and/or 
poor supply decoupling and grounding. We recommend a 
monolithic ceramic capacitor of 0.1 juF directly between Vcc 
and GND with very short lead length. In addition, care must be 
exercised in how the timing is set up and how the parameters are 
measured. For example, since ah AND gate function is asso- 
ciated with both the Shift In-Input Ready combination, as vyell as 
the Shift Out-Output Ready combination, timing measurements 
may be misleading, i.e., rising edge of the Shift-In pulse is not 
recognized until Input-Ready is High. If Input-Ready is not high 
due to too high a frequency or FIFO being full or affected by 
Master Reset, the Shift-In activity will be ignored. This will affect 
the device from a functional standpoint, and will also cause the 
“effective” timing of Input DataTime (t|DH) ^md the next activity 
of Input Ready (t|RL) to be extended relative to Shift-In going 
High. This same type of problem is also related to t|RH. tORL 
and toRH as related to Shift-Out. 












INPUT DATA 



Figure 3. The Mechanism of Shifting Data into the FiFO 


Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 

© Input Data is loaded into the first word. 

© Input Ready goes LOW indicating the first word is full. 

© The Data from the first word is released for "fall-through" to second word. 

The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. 

If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
NOTE: Shift In pulses applied while Input Ready is LOW will be ignored. (See Figure 4.) 
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o 

© 


FIFO is initially full. 

Shift Out pulse is applied. An empty location starts “bubbling” to the front. 


© 


Shift In is held HIGH 


© 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


© 


The Data from the first word is released for “fall through” to second word 
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OUTPUT READY 



OUTPUT DATA 


ilivtll 




100 ns ► 

7 


' \ 






C-DATA 




Figure 6. Typical Waveforms for 10 MHz Shift Out Data Rate (67401/2) 

o The diagram assumes, that at this time, words 63, 62, 61 are loaded with A. B, C Data, respectively. 

© Data in the crosshatched region may be A or B Data. 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 



o 


0 





Figure 7. The Mechanism of Shifting Data Out of the FiFO. 

O Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 

Shift Out goes HIGH causing the next step. 

© Output Ready goes LOW. 

Contents of word 62 (B-DATA) is released for “fall through ” to word 63. 

Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 

0 If the FIFO has only one word loaded (A-DATA) theTi Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 
NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored. 
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Figure 8. tpj and tQp|^ Specification 


O 


FIFO initially empty. 



o 

0 

© 

© 

© 


Word 63 is empty. 

New data (A) arrives at the outputs (word 63). 

Output Ready goes HIGH indicating the arrival of the new data. 

Since Shift Out is held HIGH. Output Ready goes immediately LOW 

As soon as Shift Out goes LOW the Output Data is subject to change as shown by the dashed line on Output Ready 
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First-In First-Out (FIFO) C67L401 D 

64x4 64x5 Memory C67L402D 

1 5 MHz (Cascadable) 


Features/ Benefits 

• High-speed l5-MHz shift-in/shift-out rates 

• Low power consumption 

• Choice of 4-bit or 5-bit data width 

• TTL inputs and outputs 

• Readily expandable in word width and depth 

• Structured pinouts. Output pins directly opposite 
corresponding input pins 

• High-drive capability 

• Asynchronous operation 


Description 

The C67L401 D/2D are “fall-through” high-speed First-in First- 
Out (FI FO) memories organized 64 words by 4 bits and 64 words 
by 5 bits respectively. The FIFO is expandable in word width and 
depth. The FIFO is attractive for many applications such as disk 
controllers, communication buffers, rate buffers, etc. They 
feature high-drive (Iql = 24 mA) outputs. 


Pin Configurations 



Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

DESCRIPTION 

C67U01 D 

N,J 

Com 

15 MHz 64x4 FIFO 

I C67L402D 

N, J 

Com 

15 MHz 64x5 FIFO 


C67L401D 

(C67L402D) 




Nc[r| 


hsl vcc 


INPUT READY |T 


l3 SHIFT OUT 

SHIFT IN [T 


output ready 


DO [7 


oo 



D1 [T 

C67L402D 

33 01 


DATA IN 

D2 ^ 


jjjoa 

OUTPUTS 


D3 ^ 


03 



D4 [7 


31 



GND [7 


^ MASTER RESET 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 MWItStMMOnGS 
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C67L401 D C67L402D 


Absolute Maximum Ratings 

Supply voltage Vcc -0.5 V to 7 V 

Input voltage — v .... ... -1.5 V to 7 V 

Off-state output voltage -0.5 V to 5.5 V 

Storage temperature -65°C to +150°C 


OperatiflS Conditions over Temperature Range 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 


4.75 

5 

5.25 

V 

ta 

Operating free-air temperature 


0 


70 


^IN 

Shift in rate 

1 

- ■ 15 

MHz 

tSIH 

Shift in High time 

1 

24 ■ ^ ^ 

ns 

tSiL 

Shift in Low time 

15. 

•ids 

Input data setup to SI (Shift In) 

1 

0 

ns 

tjDH 

Input data hold from SI (Shift In) 

' ' r ■■ 

26 

ns 

•rids 

Input data setup to IR (Input Ready) 


,0; 

ns 

tRIDH 

Input data hold from IR (Input Ready) 

4 

..26. 

ns 

•out 

1 Shift out rate 


-15' 

MHz 

tSOH 

Shift out High time 

5 

17 

ns 

•sol 

Shift out Low time 

15 

tMRW 

Master Reset pulse** 

10 

35 

ns 

tMRS 

Master Reset to SI* 

10 

35 

ns 


* If the FIFO is not full (IR High), MR low forces IR low, followed by !R returning high when MR goes high. 
* * See AC test and high-speed application note. 


Electrical Characteristics Over Operating Conditions 


1 

i SYMBOL 



PARAMETER 

TEST CONDITION 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

ViL 

Low-levei input voltage 


0.8** 

V 

V|H 

High-level input voltage 


2** 

V 

V|C 

Input clamp voltage 

Vcc = MIN 

l| = -18mA 

-1.5 

V 

i !!L 

Low-level input current 

Vcc = max 

V{ = 0.45 V 

-250 

mA 

!|H 

High-level Input current 

Vcc = max 

Vj = 2.4V 

50 

mA 

ii 

Maximum input current 

Vcc = max 

V| = 5.5 V 

1 

mA 

! 

1 VoL 

Low-level 

Output, O 

Vcc = min 

Iql ~ 24 mA 

0.5 


Output voltage 

IR,OR 

Vcc = min 

lOL = 8 mA 

V 

1 VOH 

High-level 

Output, 0 

Vcc = min 

Iqh = *"3.0 mA 

1 2.4 

V 

Output voltage 

IR, OR 

Vcc = min 

•oh mA 

lOS 

Output short-circuit current* 

Vcc = max 

> 

o 

1! 

o 

> 

-20 


-90 

mA 

1 'CO 

Supply current 

Vcc = max 

Ail inputs low. 

All outputs open. 

L401D/2D 

100 

mA 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

* These are absolute voltages with respect to GND (Pin 8 or 9) and include ali overshoots due to test equipment 
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C67L401 D C67L402D 


Switching Characteristics Over Operating Conditions 


1 SYMBOL 

PARAMETER 

FiGURE 

COMMERCIAL 

MIN TYP MAX 

UNIT 

tiRLt 

Shift In t to Input Ready LOW 

1 

40 

ns 

‘iRHt 

Shift In 1 to Input Ready HIGH 

26 

ns 

tORLt 

Shift Out t to Output Ready LOW 

■ 

■ 

5 

45 

ns 

tORHt 

Shift Out 1 to Output Ready HIGH 

50 

ns 

tODHt 

Output Data Hold (previous word) 

12 

ns 

<ODS 

Output Data Shift (next word) 

40 

ns 

tpT 

Data throughput 

4,8 

1600 

ns 

tMRORL 

• Master Reset \ to Output Ready LOW 1 

10 

60 

ns 

tMRIRH* 

Master Reset t to Input Ready HIGH 

30 

ns 

tMRIRL* 

Master Reset i to Input Ready LOW 

50 

ns 

1 

tiVIRO 

Master Reset i to Outputs LOW 

60 

ns 

t|PH 

Input ready pulse HIGH 

4 

17 

ns 

tOPH 

Output ready pulse HIGH 

8 

24 

ns 

tORD 

Output ready t to Data Valid 

5 

-3 

I- •' ' " ' 

ns 


* If the FIFO is not full (IR High), MR low forces I R low, followed by IR returning high when MR goes high, 
t see AC test and high-speed application note. 
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C67L401D C67L402D 


Standard Test Load 



^ TEST POINT 


30pF 


lOL 

R1 

R2 

24 mA 

200 0 

300 0 

8 mA 

600 0 

1200 0 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) - 2.6 ns 

Measurements made at 1 .5 V 


Functional Description 
Data Input 

After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master reset 
must be applied prior to use to ensure proper operation. When 
Input Ready (IR) is HIGH the first location is ready to accept data 
from the inputs. Data then present at the data inputs is 
entered into the first location when the Shift-In (SI) is brought 
HIGH. A SI HIGH signal causes the IR to go LOW. Once data is 
entered into the first cell, the transfer of data from any full cell to 
the adjacent (downstream) empty cell is automatic, activated by 
an on-chip control. Thus data will stack up at the end of the 
device while empty locations will “bubble” to the front, tpj 
defines the time required for the first data to travel from input to 
the output of a previously empty device. When SI is brought 
LOW and the FIFO is not full, IR will go HIGH, indicating more 
room is available. If the memory is full, IR will remain LOW. The 
FIFO should always be cleared by using master reset. 

Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage. Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided the upstream stage has valid data, is shifted to the 
output stage. When new valid data is shifted to the output stage. 


OR goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 

Ihput Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpj) or completely empty (Output Ready 
stays LOW for at least tpy). 


AC Test and High-Speed App. Notes 

Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 20 MHz in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to very 
small glitches due to long reflective lines, high capacitances 
and/or poor supply decoupling and grounding. Monolithic 
Memories recommends a monolithic ceramic capacitor of 0.1 juF 
directly between VCC and GND with very short lead length. In 
addition, care must be exercised In how the timing is set up and 
how the parameters are measured. For example, since an AND 
gate function is associated with both the Shift-In-Input-Ready 
combination, as well as the Shift-Out-Output-Ready combina- 
tion, timing measurements may be misleading, l.e., rising edge 
of the Shift-In pulse is not recognized until Input Ready is HIGH. 
If Input Ready Is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 
will be ignored. This will affect the device from a functional 
standpoint, and will also cause the “effective” timing of Input 
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Data Hold time (Tidh) and the next activity of Input Ready Shift-Out. For high-speed applications, propergrOunding tech- 
(T|rl) to be extended relative to shift-in going HIGH. This same nique is essential, 

type of situation occurs with Tqrl and Tqrh as related to 



Figure 2. Typical Waveforms for 15-MHz Shift-In Rate 



Figure 3. The Mechanism of Shifting Data into the FIFO 

0 input Ready HiGHindicatesspacelsavaiiabieanda Shift-Inpulsemaybeappiied. 

0 Input Data is loaded into the first word. The Data from the first word is released for “fall-through” to second word. 

0 Input Ready goes LOW indicating the first word Is full. 

0 Shift-Ingoing LOW allows Input Ready to sense the status of first word. The first word is now empty as iridicated by Input Ready HIGH. 
0 If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 

NOTE: Shift-In pulses applied while Input Ready is LOWwill be ignored 







C67L401D C67L402D 



Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


® FIFO is initially full. 

® Shift Out pulse is applied. An empty location starts "bubbling” to the front. 

@ Shift In is held HIGH 

® As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 



Figure s. Output Timing 

® The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 

® Output data changes on the falling edge of SOaftera valid Shift-Out Sequence, i.e. OR and SO are both high together. 



Figure 6. Typical Waveforms for 15-MHz Shift-Out Data Rate 

® Thediagramassumesthatatthistimewords63, 62 and 61 are loaded with A, Band C Data, respectively. 

® Data in thefirstcrosshatched region may be A or B Data. 
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(I) Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 

(D Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 

( 3 ) Output Ready goes LOW. 

( 4 ) Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 

(D If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN y 




SHIFT OUT / 

OUTPUT READY 


r — ““A 

— toPH -► 

V 

■ ^ ^ 




Figure 8. tpj and tQp^ Specification 

(T) FIFO initially empty. 

@ Shift Out held HIGH 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 




A-DATA 



/7777777777777777777777777 

///////////////////////////^ 



Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 

0 Word 63 is empty. 1 

0 OutputReadygoesHIGHindicatingarrivalofthenewdata. 

0 New data (A) arrives at the outputs (word 63). 

0 Since Shift Out is held HIGH, Output Ready goes immediately LOW. 

0 As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream 
wordsin theFIFO. 
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Pow0r 

First'In First-Out (FIFO) 64x4 
Memory 

67L401 


Features/ Benefits 

• Guaranteed 5 MHz shift-out/shift*in rates 

• Low Power Consumption 

• TTL inputs and outputs 

• Readily expandable in the bit dimensions 

• Structured pinouts. Output pins directly opposite corres- 
ponding input pins 

• Asynchronous operation 

• Pin compatible with Fairchild’s F3341 MOS FIFO and much 
faster 

Description 

The 67L401 Is a low-power First-In First-Out (FIFO) memory 
device with TTL speed. This device is organized in a 64x4-bit 
structure and easily expandable to any width. A 5 MHz data rate 
with fast “fall through” time allows usage in tape and disc 
controllers, printers and communications buffer applications. 
This data rate is much faster than a comparable MOS device. 
The FIFO is a register-based device. Data entered at the Inputs 
“falls through” to the empty space closest to the output. Data is 
shifted out in the same sequence it is shifted in. Also, the width 
can be increased by putting the Input Ready signals through an 
AND gate to give a composite Input Ready. Similarly, the Output 
Ready signals should be gated to form a composite Output 
Ready. 

Generally, FIFOs are used in digital systems performing data 
transfers when source and receiver are not operating at the 
same data rate. FIFOs are also used as data buffers where the 
source and receiver are not operating at the same time. The 
67L401 is particularly useful where low-power consumption is 
critical. 


Pin Configurations 



Plastic Chip Carrier 


Ordering information 


PART 

NUMBER 

PKG 

TEMP 

DESCRIPTION 

67L4G1 

N, NL 

COM 

5 MHz 64x4 FIFO 

67L401 

J, NL 

COM 

5 MHz 64x4 FIFO 


Biock Diagram 

67L401 64x4 



MASTER RESET 



TWX: 910-338-2376 
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67L401 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


.. -0.5 Vto7 V 
.. -1.5 Vto 7 V 
-0.5 V to 5.5 V 
-65° to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 


4.75 

5 

5:25 

V 

Ta 

Operating free-air temperature 


0 


75 


•siHt 

Shift in HIGH time 

1 

55 

ns 

*SIL 

Shift in LOW time 

1 

55:. 

ns 

•ids 

Input data setup 

1 

10 

ns 

‘IDH 

Input data hold time 

1 

80 

ns 

*SOHt 

Shift Out HIGH time 

5 

55 

ns 

‘sol 

Shift Out LOW time 

5 

55 

ns 

^MRW 

Master Reset pulse 

10 

40 

ns 

‘MRS 

Master Reset to SI 

10 

35 

ns 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

‘in 

Shift in rate 

1 

',5;'. 

MHz 

‘iRLt 

Shift in to Input Ready LOW 

1 

75 

ns 

‘iRHt 

Shift in to Input Ready HIGH 

1 

75 

ns 

‘out 

ShiftOutrate 

5 

' 5 . -• 

MHz 

‘ORLt 

Shift Out to Output Ready LOW 

5 

75 

ns 

‘ORHt 

Shift Out to Output Ready HIGH 

5 

80 

ns 

‘ODH 

Output Data Hold (previous word) 

5 

8 

ns 

‘ODS 

Output Data Shift (next word) 

5 

70 

ns 


Data throughput or “fall through” 

4,8 

4 ! 

ns 

‘mrorl 

Master Reset to OR LOW 

10 J 

. 85 

ns 

^MRIRH 

Master Reset to IR HIGH 

10 

85 

ns 

‘iPH* 

Input Ready pulse HIGH 

4 

20 

ns 

‘OPH* 

Output Ready pulse HIGH 

8 

20 

ns 


t See AC test and application note. 

* This parameter applies to FIFOs communicating with each other in a cascade mode. 

Test Load 


Input Pulse 0 to 3 V 

Input Rise and Fall Time (10% - 90%) 

5 ns minimum 

Measurements made at 1.5 V 


The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


— @ TEST POINT* 
7p30pF 
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67L401 


Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


'•2t. 

V 

V|C 

Input clamp voltage 

Vqq = MIN l| =-18mA 

-1.5 

V 

l|L1 

l|L2 

Low-level 

Input current 

DQ-D3 MR 

SI. SO 

Vcc = MAX V| = 0.45V 

-0.8 

-1.6 

mA 

mA 

l|H 

High-level input current 

Vcc = MAX V| =2.4V 

50 

mA 

l| 

Maximum input current 

Vcc = MAX V| =5.5V 

'1 

mA 

VoL 

Low-level output voltage 

Vqg = MIN 

Iql = 

0.5 ! 

V 

VqH 

High-level output voltage 

Vqq = MIN 

l0H = “0.9mA 

2.4 

V 

•os 

Output short-circuit current* 

Vqc = MAX Vq ==ov 

-20 -90 

mA 

•cc 

Supply Current 

Vcc ^ MAX Inputs Low, Outputs Open 

95 110 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t This is an absolute voltage with respect to device GND (Pin 8 or 9) and includes all overshoots due to test equipment. 


Functional Description 
Data Input 

After power up the Master Reset is pulsed low (Fig. 11) to 
prepare the FIFO to accept data In the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
□x inputs. Data then present at the data inputs is entered into 
the first location when the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, Indicating that more room 
Is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The first word is present at the outputs before 
a shit out is applied. If the memory is full, IR will remain LOW. 

Data Transfer 

Once data is entered into the second ceil, the transfer of any full 
cell to the adjacent (downstream) empty cell Is automatic, 
activated by an on-chip control. Thus data will stack up at the 
end of the device while empty locations will “bubble” to the front. 
tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. 

Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage. Output Ready (OR) goes HIGH, Indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO Is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data Is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (i.e. data does not change if FIFO is empty). 


Input Ready and Output Ready may also be used as status 
signals Indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpj ) or completely empty (Output Ready 
stays LOW for at least tpy ) . 


AC Testand Application Note 

Since the FIFO Is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing. Though the 
external data rate is 5 MHz internally the device is several times 
as fast. Device grounding and decoupling is crucial to correct 
operation, as the FIFO will respond to very small glitches caused 
by long reflective lines, high capacitances and/or poor supply 
decoupling and grounding. We recommend a monolithic ceramic 
capacitor of 0.1 fxF directly between Vqc arid GND with very 
short lead length. In addition, care must be exercised in timing 
set up and measurement of parameters. For example, since an 
AND gate function is associated with both the Shift In-Input 
Ready Combination, as well as the Shift Out-Output Ready 
Combination, timing measurements may be misleading, i.e., 
rising edge of the Shift-In pulse Is not recognized until Input- 
Ready Is High.lf Input-Ready is not high due to too high a 
frequency, or the FIFO being full or affected by Master Reset, the 
Shift- In activity will be ignored. This will affect the device from a 
functional standpoint, and will also cause the “effective” timing 
of Input Data Time (t|DH) ^rid the next activity of Input Ready 
(t|RL) to be extended relative to Shift-In going High. 
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Figure 1. input Timing 
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K" 10 r 





-200 ns - 
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-STABLE DATA- 








Figure 3. The Mechanism of Shifting Data Into the FIFO 

O Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 

© Input Data is loaded into the first word. 

© Input Ready goes LOW indicating the first word is full. 

The Data from the first word is released for “fall-through" to second word 

The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH 
If the second word is already full then the data remains at the first word. Since the FIFO is now full input Ready remains low. 
NOTE; Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 


MonoUtMc 


EiH 


Momorles 


8-51 






67L401 



o 

© 


FIFO is initially full. 

Shift Out pulse is applied. An empty location start "bubbling” to the front. 


© 


Shift In is held HIGH. 


© 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


© 


The Data from the first word is released for “fall through” to second word. 



The diagram assumes, that at this time, words 63. 62, 61 are loaded with A, B, C Data, respectively 

Figure s. Output Timing 






67L401 


OUTPUT READY 


OUTPUT DATA 











j/ 

-<?rii»-A 

— CjBO 




FA 





j\ 


\_J 


Wmmm 


\ 


C-DATA 


Figure 6. Typical Waveform for 5 MHz Shift Out Data Rate 


The diagram assumes, that at this time, words 63, 62. 61 are loaded with A, B, C Data, respectively. 
© Data in the crosshatched region may be A or B Data. 


SHIFT OUT 


OUTPUT READY 





o 


V 


© 




© 



OUTPUT DATA 



- A OR B - 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 

Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 

Shift Out goes HIGH causing the next step, 

© Output Ready goes LOW. 

Contents of word 62 (B-DATA) is released for "fall through” to word 63. 

(^ Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 

(si) If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 
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Figure 9. Data is , Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


O 

© 

© 


Word 63 is empty. 

New data (A) arrives at the outputs (word 63). 

Output Ready goes HIGH indicating the arrival of the new data. 


© 

© 


Since Shift Out is held HIGH, Output Ready goes immediately LOW. 

As soon as Shift Out goes LOW the Output Data is subject to change 
as shown by the dashed line on Output Ready. 








67L401 



Figure 12. 64x8 FIFO With Two 67L40TS 


FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite 
Input and Output Ready flags. This need Is due to the different fall through times of the FIFOs. 


Applications 


FIFOs are typically used as temporary data buffers between The 67L401 can also be used in a bidirectional operation as 

mismatching data rates. Such an application Is shown in shown in Figure 14. 

FigurelS. 



NOTE: Both depth and width expansion can be used in this mode. 


Figure 13. FIFO As Data Buffer Between Slow Steady Rate 

and Fast ‘Burst’ Rate Figure 14. Bidirectional FIFO Application 







Low Power First-In First-Out (FIFO) 
64x5 Memory 

67L402 


Features/Benefits 

• Guaranteed 5 MHz shift-out/shift-in rates 

• Low power consumption 

• TTL inputs and outputs 

• Readily expandable in the bit dimensions 

• Structured pinouts. Output pins directly opposite corres- 
ponding input pins 

• Asynchronous operation 


Ordering Information 


PART 

PACKAGE 

PKG 

TEMP 

DESCRIPTION 

67L402 

N, NL 

Com 

5 MHz 64x5 FIFO 

67L402 

J, NL 

Com 

5 MHz 64x5 FIFO 


Description 

The 67L402 is a low-power First-In First-Out (FIFO) memory 
device with TTL speed. This device is organized in a 64x5-bjt 
structure and easily expandable to any width. A 5 MHz data rate 
with fast “fall through” time allows usage in tape and disc 
controllers, printers and corhmuhications buffer applications. 
This data rate is much faster than a comparable MOS device. 
The FIFO is a register-based device. Data entered at the inputs 
“falls through” to the empty space closest to the output. Data is 
shifted out in the same sequence it is shifted in. Also, the width 
can be increased by putting the Input Ready signals through an 
AND gate to give a composite Input Ready. Similarly, the Output 
Ready signals should be gated to form a composite Output 
Ready. 

Generally, FIFOs are used in digital systems performing data 
transfers when source and receiver are not operating at the 
same data rate. FIFOs are also used as data buffers where the 
source and receiver are not operating at the same time. The 
67L402 is particularly useful where low-power consumption is 
critical. 

Pin Configurations 


Biock Diagram 

67L402 64X5 



MASTER RESET 




Plastic Chip Carrier 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Electrical Characteristics Over Operating Conditions 


IUII2J 

PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

HH 

Low-level Input voltage 


as 

V 

V|H 

High-level Input voltage 




v,c 

Input clamp voltage 

Vcc= min 


l| = -18mA 

-1.5 

V 

■91 

Low-level 

input current 

Dq-Dji MR 

Vcc = MAX 


V| =0.45V 

-0.8 

mA 

■H 

SI, SO 


-1.6 

mA 

l|H 

High-level input current 

Vcc = max 


V| =2.4V 

50 

mA 

l| 

Maximum input current 

Vcc = MAX 


V| =5.5V 


mA 

VoL 

Low-level output voltage 

Vqc “ min 

Iql = 8niA 

0.5 

V 

Vqh 

High-level output voltage 

VqqfMIN 

IOH = "0-9mA 

2.4 

V 

'os 

Output short-circuit current* 

Vcc = MAX 


- 

§ 

II 

o 

> 

-20 -90 

mA 

'cc 

Supply Current 

Vcc = max 

Inputs Low, Outputs Open 

113 130 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t This is an absolute voltage with respebt to device GND (Pin 8 or 9) and includes all overshoots due to test equipment. 


Functional Description 
Data Input 

After power up the Master Reset is pulsed low (Fig. 11) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (I R) is HIGH the location is ready to accept data from the 
Dx inputs. Data then present at the data inputs is entered into 
the first location when the Shift In (SI) Is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When Si is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 

Data Transfer 

Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up^ at the 
end of the device while empty locations will “bubble” to the front. 
tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. 

Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage. Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR Is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (I.e. data does not change if FIFO is empty). , 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpj ) or completely empty (Output Ready 
stays LOW for at least tpj ). 


AC Test and Application Note 

Since the FIFO is a high-speed device, care must be exercised in 
desig n of the hardware and the timing . Though the external data 
rate is 5 MHz, internally the device is several times as fast. Device 
grounding and decoupling is crucial to correct operation, as the 
FIFO is sensitive to very small glitches caused by long reflective 
lines, high capacitances, and^r poor supply decoupling and 
grounding. We recommend a monolithic ceramic capacitor of 
0.1 /uF directly between VcG and GND with a very short lead 
length. In addition, care must be exercised in timing setup and 
measurement of parameters. For example, since an AND gate 
function is associated with both the Shift In-Input Ready Com- 
bination as weil as the Shift Out-Output Ready Combination, 
timing measurements may be misleading, i.e., rising edge of the 
Shift-In pulse is not recognized until Input-Ready is High. If 
Input-Ready is not high due to too high a frequency, or the FIFO 
being full or affected by Master Reset, the Shift-In activity will be 
ignored. This will affect the device from a functional standpoint, 
and will also cause the“effective” timing of Input Data Time 
(f IDH) and the next activity of Input Ready (tjRL) to be extended 
relative to ShifWh going High. 
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Figure 3. The Mechanisni of Shifting Data into the FIFO 

o Input Ready HIGH indicates space is available and a Shift In pulse may be applied 
Input Data is loaded into the first word. 

© Input Ready goes LOW indicating the first word is full. 

The Data from the first word is released for “fall-through" to second word. 

The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. 

If the second word is already full then the data remains at the first word Since the FIFO is now full Input Ready remains low. 
NOTE Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 








67L402 



o FIFO is initially full. 

© Shift Out pulse is applied. An empty location start “bubbling" to the front. 


) Shift In is held HIGH. 


© 

© 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word 
The Data from the first word is released for "fall through” to second word 



The diagram assumes, that at this time, words 63, 62, 61 are loaded with A, B, C Data respectively 

Figure s. Output Timing 






67L402 


OUTPUT READY 


OUTPUT DATA 



Rgure 6. Typical Waveform for 5 MHz Shift Out Data Rate 


O The diagram assumes, that at this time, words 63, 62, 61 are loaded with A, B, C Data, respectively. 
© Data in the crosshatched region may be A or B Data. 
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OUTPUT READY 


OUTPUT DATA 



Figure 9. Data is .Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


O 

© 

© 


Word 63 is empty. 

New data (A) arrives at the outputs (word 63). 

Output Ready goes HIGH indicating the arrival of the new data. 


© 

© 


Since Shift Out is held HIGH, Output Ready goes immediately LOW. 

As soon as Shift Out goes LOW the Output Data is subject to change 
as shown by the dashed line on Output Ready. 



© 


FIFO initially full 


Figure 10. Master Reset Timing 







67L402 



FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite 
Input and Output Ready flags. This need is due to the different fall through times of the FIFOs. 


Applications 

FIFOs are typically used as temporary data buffers between The 67LS402 can also be used in a bidirectional operation as 

mismatching data rates. Such an application is shown in shown in Figure 13. 

Figure 12. 
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64x10 


N- 
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NOTE: Both depth and width expansion can be used in this mode. 


Figure 12. FIFO As Data Buffer Between Slow Steady Rate 
and Fast ‘Burst’ Rate 


Figure 13. Bidirectional FIFO Application 
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First-In First-Out (FIFO) 6741 3A 

64x5 Memory 67413 

35 MHz (Standalone) 


Features/ Benefits 

• High-speed 35 MHz shift-in/shift-out rates 

• High-drive capability 

• Three-state outputs 

• Half-full and Almost-fuii/Empty status flags 

• Structured pinouts. Output pins directly opposite 
corresponding input pins. 

• Asynchronous operation 

• TTL-compatible inputs and outputs 

Description 

The 6741 3A is a high-speed, 64x5 First-In-First-Out (FIFO) 
memory which operates at 35-MHz input/output rates (67413 
operates at 25-MHz in-out). The data is loaded and emptied on a 
first-in-first-out basis. It is a three-state device with high-drive 
(lOL = 24 mA) data outputs. These devices can be connected in 
parallel to give FIFOs of any word length. It has a Half-full flag 
(thirty-two or more words full) and an almost full/empty flag 
(fifty-six or more words or eight or less words). The main appli- 
cations of 67413A, 67413 are rate buffers; sourcing and absorb- 
ing data at different rates. Other applications are high-speed 
tape and disk controllers, data communications systems and 
plotter control systems. 


Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

DESCRIPTION 

6741 3A 

J 

Com 

35 MHz-in/out 

57413 

J 

Com 

25 MHz-in/out 


Pin Configuration 



oeOJ 


vcc 


HALF FULL |T 


Tri ALMOST FULL/ 
^ EMPTY 

INPUT READY [T 


TsI SHIFT OUT 

SHIFT IN [7 


"itI output ready 


DO [T 

67413A 

"lel oo 



diIT 

67413 

01 


DATA 

D2[T 


13 02 

OUTPUT 


D3[7 





D4fT 

gnpHo 


HI 




jll j MASTER RESET 


Block Diagram 



TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA950S4-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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6741 3A 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


-0.5 to 7 V 

-1.5 to 7 V 

.... -0.5 to 5.5 V 
-65^0 to +1 50° C 


6741 3A Operating Conditions Over Temperature Range 

SYMBOL PARAMETER j FIGURE COMMERCIAL 



6741 3A Switching Characteristics Over Operating Conditions 














67413A 


6741 3A Switching Characteristics over operating conditions (continued) 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

^IPH 

Input ready pulse HIGH 

4 

5 

,12 


ns 

*OPH 

Output ready pulse HIGH 

8 

5 

12 


ns 

*ORD 

Output ready \ HIGH to Data Valid 

5 

18 

ns 

*AEH* 

Shift Out! toAF/E HIGH 

11 


100 

135 


*AEL* 

Shiftint toAF/ELOW 

11 


450 

600; 

ns 

*AFL* 

Shift Out ! to AF/E LOW 

12 


450 

600 

ns 

'afh* 

Shiftint to AF/E HIGH 

12 


too 

135 

ns 

‘hfh* 

Shift Inf to HF HIGH 

13 


280 

360 

ns 

<hfl‘ 

Shift Out t to H FLOW 

13 


280 

360 

s 

*PHZ 

Output Disable Delay 

A 


14 

25 

ns 

•PLZ 

A 


14 

25 

ns 

tpZL 

Output Enable Delay 

A 


14 

25 

ns 

tpZH 

A 


24 

38 

ns 


Note; Input rise and fall time (10%-90%) = 2.5 ns. * See timing diagram for explanation of parameters. 


Standard Test Load 


67413A/67413 



TEST POINT 


30pF 


Input Pulse Amplitude = 3V 

Input Rise and Fall Time (10%~90%) = 2.5 ns 

Measurements made at 1 .5 V 


Design Test Load 




R1 


24mA 

200 n 

30 on 

8 mA 

600 a 

i20on 


Typicai Iqq vs Temperature 
(Vcc = MAX) 
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67413 


. -0.5 V to7 V 
. -1.5 V to 7 V 
-0.5 V to 5.5 V 
65° to +150° C 


67413 Operating Conditions Over Temperature Range 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

< 

O 

o 

Supply Voltage 


4.75 

5 

5.25 

V 

Ta 

Operating free-air temperature 


0 


75 

°c 

*SIHt 

Shift in HIGH time 

1 

16 

ns 

^Sllt 

Shift in LOW time 

1 

20 

ns 

•ids 

Input data set up 

1 

3 

ns 

^IDH 

Input data hold time 

1 

25 

ns 

tSOMt 

Shift Out HIGH time 

5 

16 

ns 

•sol 

Shift Out LOW time 

5 

20 

1 ns 

^MRW 

Master Reset pulse f 

10 

35 

ns 

^MRS 

i Master Reset to SI 

10 

35 

ns 


6741 3 Switching Characteristics Over Temperature Range 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

f|N 

Shift in rate 

1 

DC 


25 

MHz 

•iRlt 

Shift in t to Input Ready LOW 

1 


12 

28 

ns 

^IRHt 

Shift In 1 to Input Ready HIGH 

1 


14 

25 

ns 

•out 

Shift Out rate 

5 

- DC 


25 

MHz 

tORLt 

Shift Out t to Output Ready LOW 

5 


12 

28 

ns 

^ORHt 

Shift Out i to Output Ready HIGH 

5 


14 

25 

ns 

•ODHt 

Output Data Hold (previous word) 

5 

10 

ns 

•ODS 

Output Data Shift (next word) 

5 

40 

ns 

tpT 

Data throughput or “fall through” 

4,8 


510 

750 

ns 

^MRORL 

Master Reset i to Output Ready LOW 

10 


18 

30 

ns 

^MRIRH 

Master Reset t to Input Ready HIGH 

10 


21 

30 

ns 

^MRIRL 

Master Reset II nput Ready LOW* 

10 


18 

30 

ns 

^MRO 

Master Reset I to Outputs LOW 

10 


32 

55 

ns 


Note: Typicals at 5 VVqq and 25° C T^. 

* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high, 
■f See AC test and high-speed application note. 
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Supply voltage Vqq 

Input voltage — — 
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Storage temperature 













67413 


67413 Switching Characteristics Over operating conditions (continued) 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

Uph 

Input ready pulse HIGH 

4 

5 

12 


ns 

^OPH 

Output ready pulse HIGH 

8 

5 

12 


ns 

^ORD 

Output ready t HIGH to Data Valid 

5 

20 

ns 

*AEH* 

Shift Out ! to AF/E HIGH 

11 


100 

145 

ns 

Uel* 

Shift In t to AF/E LOW 

11 


450 

650 

ns 

^AFL* 

Shift Out t to AF/E LOW 

12 


450 

650; 

ns 

^AFH* 

Shift In t to AF/E HIGH 

12 


100 

145 

hs 

'hfh* 

Shift In t to HF HIGH 

13 


280 

380 

ns 

tHFL* 

Shift Out! toHFLOW 

13 


280 

380 

ns 

tpHZ 

Output Disable Delay 

A 


14 

30 

ns 

tpLZ 

A 


14 

30 

ns 

tpZL 

Output Enable Delay 

A 


14 

30 

ns 

^PZH 

A 


24 

50 

ns 


Note: Input rise and fall time (10%-90%) = 2.5 ns. 

* See timing diagram for explanation of parameters. 
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Electrical Characteristics over operating condrtions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8t 

V 

V|H 

High-level input voltage 


:2t - 

V 

V|C 

Input clamp voltage 

Vqq= min 

l| = -18 mA 

-15 

V 

IlL 

Low-level input current 

Vcc " 

V| = 0.45 V 

-250 

mA 

•iH 

High-level input current 

Vcc = max 

V| = 2.4 V 

50 


ii 

Maximum input current 

Vcc = max 

V| = 5.5 V 

1 

^ 

mA 




Iql (Data outputs) 

6741 3A 
67413 

24 mA 




VoL 

Low-level output voltage 

Vcc = min 

loL(iaoR) 

■ ■ , : , ' , 

6741 3A 
67413 

8mAtt 


0.5 

V 




IqI_ (Flag outputs) 

6741 3A 
67413 

8 mA 







Iqh outputs) 

6741 3A 
67413 

-3.0 mA 




'^QH 

High-level output voltage 

Vcc = min 

ionOaoR) 

-0.9 mA 

2.4 


V 




lQj_j (Flag outputs) 

-0.9 mA 




'os 

Output short-circuit current* 

Vcc = max 

Vo=0V 

-20 

-90 

mA 

'HZ . 

Off-state output current 

Vcc " max 

Vo= 2.4 V 

+20 

mA 

'lz 

Vcc " max 

Vo=0.4V 

-20 

mA 

'gg 

Supply current 

Vqg - max. All inputs low. All outputs open. (67413A/67413) 

**240 

mA 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

** See curve for Iqq vs. temp. 

■f There are absolute voltages with respect to GND (PIN 8 or 9) and includes all overshoots due to test equipment. 

tt Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at frequencies above 25 MHz. 


Functional Description 

Data Input 

After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master 
Reset must be applied prior to use to ensure proper operation. 
When Input Ready (IR) is HIGH the first location is ready to 
accept data from the Dx inputs. Data then present at the data 
inputs is entered into the first location when the Shift-In (SI) is 
brought HIGH. A SI HIGH signal causes the IR to go LOW. Once 
data is entered into the first cell, the transfer of data in any full 
cell to the adjacent (downstream) empty cell Is automatically 
activated by an on-chip control. Thus data will stack up at the 
end of the device (while empty locations will “bubble” to the 
front when data is shifted out), tpx defines the time required for 
the first data to travel from input to the output of a previously 
empty device. When SI is brought LOW and the FIFO is not full, 
IR will go HIGH, Indicating more room isavailable. If the memory 
is full, IR will remain LOW. 

Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 


presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that there is valid upstream data, Is shifted to the output 
stage. When new valid data is shifted to the output stage, OR 
goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO Is completely full (Input Ready 
stays LOW for at least tpj) or completely empty (Output Ready 
stays LOW for at least t pt) . 

AC Test and High-Speed App. Notes 

Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
60 MHz in operation. Device grounding and decoupling is cru- 
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitances and/or 
poor supply decoupling and grounding. Monolithic Memories 
recommends a monolithic ceramic capacitor of 0.1 //F directly 
between Vcc ^*^^1 GND with very short lead length. In addition. 
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care must be exercised In how the timing is set up and how the 
parameters are measured. For example, since an AND gate 
function is associated with both the Shift-In-Input Ready 
combination, as well as the Shift-Out-Output Ready combina- 
tion, timing measurements may be misleading, I.e., rising edge 
of the Shift-In pulse is not recognized until Input Ready is HIGH. 
If Input Ready is nothigh due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 


will be ignored. This will affect the device from a fuhcitonal 
standpoint, and will also cause the “effective” timing of 
Input Data Hold time (T|dh) ^ihd the next activity of Input Ready 
(T|rl) to be extended relative to Shift-ingoing HIGH. This same 
type of problem is also related to T|rh, Tqrl and Tqrh as 
related to Shift-Out. Data outputs driving a bus should be limited 
to 10 MHz frequency. For high-speed applications, proper 
grounding technique is essential. 




Figure 2. Typical Waveforms for 35 MHz Shift-In Data Rate (67413A) 



Figure 3. The Mechanism of Shifting Data into the FIFO 

0 InputReady HIGHindicatesspaceisavailableandaShift-Inpulsemaybeapplied. 

0 Input Data is loaded into the first word. The Data frorn the first word is released for “fall-through” to second word. 

0 Input Ready goes LOW indicating the first word is full. 

0 Shift-Ingoing LOWallows Input Ready to sense the status of first word. The first word is now empty as indicatedby InputReady HIGH. 
5. If the second word is already full then the data remains at the first word. Since the FIFO is nowfulllnput Ready remains low. 

Note: Shift-lnpulsesappliedwhilelnputReadyisLOWwillbeignpred(SeeFigure5). 
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INPUT DATA 




-STABLE DATA- 


Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


(1) FIFO is initially full. 

( 2 ) Shift Out pulse is applied. An empty location starts “bubbling” to the front. 

@ Shift In is held HIGH 

( 4 ) As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 



Figures. Output Timing 

(T) The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 

( 2 ) Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together. 



Figure 6. Typical Waveforms for 35 MHz Shift-Out Data Rate (6741 3A) 

0 The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and 0 Data, respectively. 

( 2 ) Datainthefirstcrosshatched region may be AorB Data. 
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Output Ready HIGH indicates that data is available and a ShIft-Out pulse may be applied. 

(D Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 

Output data remains as valid A-Data while Shift-Out is HIGH. 

( 3 ) Output Ready goes LOW. 

Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 

( 5 ) If the FIFO has only one wOrd loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 



(J) FIFO initially empty. 


Figure 8. tpj and tQp^ Specification 



Figure 3, Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 

Word 63 is empty. 

(D Output Ready goes HIGH indicating arrival of the new data. 

New data (A) arrives at the outputs (word 63). 

( 4 ) Since Shift Out is held HIGH, Output Ready goes immediately LOW.. 

(D As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream 
wordsin the FIFO. 
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MASTER RESET 


INPUT READY 


OUTPUT READY 



DATA OUTPUTS 



FIFO is partially full. 


Figure 10. Master Reset Timing 


ALMOST FULL/EMPTY 



Figure 11. ty^EH, *AEL 

( 1 ) FIFO contains 9 words (one more than almost empty). 


ALMOST FULL/EMPTY 




Figure 12. ty^FH> Ufl Specifications 


(T) FIFO contains 55 words (one short of almost full) 
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Figure 13. 

0 FIFO contains 31 words (one short of half full). 


OUTPUT 


ENABLE 


COMPOSITE 

INPUT 

READY 


'-Cffi 


r^E 


HF AF/E 

IR 

SO 

SI 

OR 

DO 

OO 

D1 

01 

D2 

02 

D3 

03 

D4 — 

04 

MR 





Ihf®^ AF/eI 

■ — - 

IR 

SO 

— 

SI 

OR 

, — 

DO 

OO 

— 

D1 

01 

— 

D2 

02 

— 

D3 

03 

— 

li 

Q 

04 


- 

HF 

IR 

AF/E 

SO 

- 



SI 

OR 



— 

DO 

OO 

— 

— 

D1 

01 

— 

— 

D2 

02 

— 

— 

D3 

03 

— 

— 

D4 

o 

li 

— 




COMPOSITE 

OUTPUT 

READY 


-MASTER RESET 


Figure 14. 64x15 FIFO with 67413A/67413 


FIFOs are expandable in width. However, in forming wider words two external gates are required to generate composite Input and Output Ready flags. This requirement is due 
to the different fall through times of the FIFOs. 
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HALF FULL FLAG 


Figure 15. Application for 6741 3A “Slow and Steady Rate to Fast ‘Blocked Rate’ 


Note: Cascading the FIFO’s in word width is done by ANDing the IR and OR as shown in Figure 14. 
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67411A 
6741 2 A 


First-In First-Out (FIFO) 
64x4 64x5 Memory 

35 MHz (Standalone) 


Features/ Benefits 

• High-speed 35-MHz shift-in/shift-out rates 

• Choice of 4-bit or 5-bit data width 

• TTL inputs and outputs 

• Readiiy expandabie in word width 

• Structured pinouts. Output pins directiy opposite 
corresponding input pins 

• Asynchronous operation 

• Pin-compatibie with Fairchiid’s F3341 MOS FiFO and 
many times faster 

Description 

The 67411 /2A are “fall-through” high-speed First-In First-Out 
(FIFO) memory organized 64 words by 4 bits and 64 words by 5 
bits respectively. The FIFO is expandable in word width only. It is 

Block Diagrams 


Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

DESCRIPTION 

67411 A 

J 

Com 

35 MHz 64x4 FIFO 

6741 2A 

J 

Com 

35 MHz 64x5 FIFO 


the fastest FIFO available on the market. The FIFO is attractive 
for many applications such as disk controllers, communication 
buffers, rate buffers, etc. 



INPUT 

CONTROL 

LOGIC 


64x4 BIT 
REGISTER 


REGISTER 

CONTROL 

LOGIC 



MASTER RESET 

Pin Configurations 

NC |T ^ ■ 

INPUT READY |T 
SHIFT IN IT 

fooF 67411 A 


5 ^ FIFO 

6 ^ INPUT 
“7 STAGE 


15 SHIFT INPUT - ^ 

OUTPUT -•—OUT p™; INPUT . 

CONTROL _ 3 CONTROL 

logic -li^OUTPUT SHIFT LOGIC 


NC 

INPUT READY [T 
SHIFT IN jT 
DO^ 
D1 [T 
DATA IN D 2 IT 


16j VCC 
1^ SHIFT OUT 
13 OUTPUT READY 

33 oo| 

Tzlot 


MASTER RESET 



10 

MASTER RESET 


17 SHIFT 

OUTPUT -• — "OUT 

"?So;^°^J1.0UTPUT 

READY 


18| VCC 
33 SHIFT OUT 
13 OUTPUT READY 

3300 

33 o'' 

33 02 OUTPUTS 
33 03 

33 04 

lol MAST ER RESET 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 


flgga afBH 
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Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


Op8r8tin9 Conditions over Temperature Range 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 


4.75 5 

5.25 

V 

Ta 

Operating free-air temperature 


0 

75 

’G 

*SIHt 

Shift in HIGH time 

1 

9 

ns 

t|DS 

Input data set up 

1 

2 

ns 

t|DH 

Input data hold time 

1 

14 

ns. 

tsont 

Shift Out HIGH time 

5 

11 

ns 

tMRW 

Master Reset pulse t 

10 

30 

ns 

^MRS 

Master Reset to SI* 

10 

35 

ns 


Switching Chsractoristics over operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 
MIN TYP MAX 

UNIT 

^IN 

. ; 

Shift In rate 


DC 


tt30 

MHz 

DC 


ttt35 

‘irlT 

Shift In t to Input Ready LOW 

, 1 . 


12 

18 

ns 

•iRHt 

Shift In i to Input Ready HIGH 



14 

20 

ns 

four 

Shift Out rate 

5 

DC 


tt30 

MHz 

DC 


ttt35 

‘ORUt 

Shift Out t to Output Ready LOW 

5 


12 

18 

ns 

*ORHt 

Shift Out 1 to Output Ready HIGH 

5 


14 

20 

ns 

‘ODht 

Output Data Hold (previous word) 

5 

■■9 ■ 

ns 

tODS 

Output Data Shift (next word) 

5' ,r 

31 

ns 

tpT 

Data throughput or “fall through” 

4,8 


510 

650 

ns 

*MRORL 

Master Reset i to Output Ready LOW 

10 ' 


18 

28 

ns 

^MRIRH 

Master Reset t to Input Ready HIGH* 

10 


21 

35 

ns 

^MRIRL 

Master Reset 1 Input Ready LOW* 

10 


18 

28 

ns 

^MRO 

Master Reset i to Outputs LOW 

, 


32 

45 

ns 


Note: Typical at 5 V VcG 25°C T^a- 

* If the FIFO is not full (,IR High), MR low forces I R low returning high when MR goes high, 
t See AC test and high-speed application note, 
tt Tested. 

ttt Guaranteed by design (see test load). 


. . . . -0.5 V to 7 V 
. . . . -1.5 V to 7 V 
... -.5 V to 5.5 V 
-65°Cto+150°C 
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Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 1 

V 

V|H 

High-level input voltage 


2t 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| = -18 mA 

-1.5 

V 

l|L 

Low-level input current 

Vcc = max 

V| = 0.45 V 

-50 

mA 

l|H 

High-level input current 

Vcc = max 

V| = 2.4 V 

50 

mA 

l| 

Maximum input current 

Vcc = max 

V| = 5.5 V 

1 

mA 

Vql 

Low-level output voltage 

Vcc = min 

Iql (Data Outputs) 

67411/2A= 24 mA 

0.5 

V 

Iql (IR> OR) 

6741 1/2A= 8 mA tt 

Vqh 

High-level output voltage 

Vcc = min 

IqH (Data Out) 

6741 1/2A 

-3.0 mA 

2.4 

V 

Ioh(iR*oR) 

-0.9 mA 

'os 

Output short-circuit current* 

Vcc = max 

> 

o 

II 

>° 

-20 -90 

mA 

'cc 

Supply current 

Vcc ~ MAX. Inputs low, outputs open (67411/2A) 

**240 

mA 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

* * See curve for Iqq vs. temp. 

t These are absolute voltages with respect to GND (Pin 8 or 9) and includes all overshoots due to test equipment. 

■f t Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at frequencies above 25 MHz. 


Functional Description 
Data Input 

After power up the Master Reset is pulsed low (Fig. 1 0) to prepare 
the FIFO to accept data in the first location. Master reset must be 
applied prior to use to ensure proper operation. When Input 
Ready (IR) is HIGH the first location is ready to accept data from 
the Dx inputs. Data then present at the data inputs is entered into 
the first location when the Shift>ln (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Once data is entered into 
the first cell, the transfer of data from any full cell to the adjacent 
(downstream) empty cell is automatic, activated by an on-chip 
control. Thus data will stack up at the end of the device while 
empty locations will “bubble” to the front, tpj defines the time 
required for the first data to travel from input to the output of a 
previously empty device. When SI is brought LOW and the FIFO 
is not full, IR will go HIGH, indicating more room is available. If 
the memory Is full, IR will remain LOW. 

Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage. Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO Is HIGH. When SO is brought LOW the upstream data, 
provided the upstream stage has valid data, is shifted to the 
output stage. When new valid data is shifted to the output stage. 


OR goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 

Input Ready and Output Ready may also be used as status 
signals Indicating that the FIFO is completely fuH (Input Ready 
stays LOW for at least tpj) or completely empty (5utput Ready 
stays LOW for at least tpj). 


AC Test and High-Speed App. Notes 

Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 60 MHz in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to very 
small glitches due to long reflective lines, high capacitances 
and/or poor supply decoupling and grounding. Monolithic 
Memories recommends a monolithic ceramic capacitor of 0.1 /iF 
directly between Vcc ^nd GND with very short lead length. In 
addition, care must be exercised in how the timing is set up and 
how the parameters are measured. For example, since an AND 
gate function is associated with both the Shift-In-Input-Ready 
combination, a§ well as the Shift-Out-Output-Ready combina- 
tion, timing measurements may be misleading, I.e., rising edge 
of the Shift-In pulse is not recognized until Input Ready is HIGH. 
If Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 
will be ignored. This will affect the device from a functional 
standpoint, and will also cause the “effective” timing of Input 
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Switching Characteristics Over Operating Conditions (continued) 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 
MIN TYP MAX 

UNIT 

t|PH 

Input ready pulse HIGH 

4 

5 12 

ns 

^OPH 

Output ready pulse HIGH 

8 

5 12 

ns 

^ORD ! 

Ouput ready t to Data Valid 

5 

18 

ns 


Standard Test Load 


5V 



Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 

Measurements made at 1 .5 V 


Test Load 


Design Test Load 
(35 MHz) 



•OL 

R1 

R2 

24 mA 

20on 

soon 

8 mA 

600 n 

1200 n 


Typicai vs Temperature 
(Vcc + MAX) 
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Data Hold time (T|dh) the next activity of Input Ready 
(T irl) fo be extended relative to shift-in going HIGH. This same 
type of situation occurs with Tqrl a>^cl Tqrh as related to 


Shift-Out. Data outputs driving a bus should be limited to 10 
MHz frequency. For high-speed applications, proper grounding 
technique is essential. 




l/f|N ► 


_l/f|N 


SHIFT IN j 

U tsiH- 

V / 

/ : 









t|RH ► 


INPUT READY 


«^<IRL-\ 


■ / 

/ 

INPUT DATA 






**- — f|DH ^ 

mmmmm 



— tiDS 


Figure 1. Input Timing 





8 



Figure 3, The Mechanism of Shifting Data into the FIFO 


(T) Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 

( 2 ) Input Data is loaded into the first word. The Data from the first word is released for “fall-through” to second word. 

@ input ReadygoesLOWindicating the first word is full. 

0 Shift-ln going LOW allows input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
0 Ifthesecondwordisalreadyfullthenthedataremainsatthefirstword.SIncetheFIFOisnowfuli Input Ready remains low. 

NOTE: Shift-In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 




-STABLE DATA- 


X/IYYYYYYYYYYYYYY 


Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


(T) FIFO is initially full. 

(D Shift Out pulse is applied. An empty location starts “bubbling” to the front. 

® Shift In is held HIGH 

® As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 



Figure 5. Output Timing 

® The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, Band C Data, respectively. 

® Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together. 



Figure 6. Typical Waveforms for 35 MHz Shift-Out Data Rate 

® Thediagramassumesthatatthistimewords63,62and61areloadedwithA,BandCData,respectively. 

® Data in the first crosshatched region may be A or B Data. 
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(1) Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 

( 2 ) Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 

( 3 ) Output Ready goes LOW. 

( 4 ) Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 

(D If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN 

/ 

^ \ 


V- 


SHIFT OUT 





OUTPUT READY 



! 





^ ^toPH — — ► 



Figure 8. tpy and tQp|^ Specification 

(T) FIFO initially empty. 

@ Shift Out held HIGH 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 





////////////////////////////Z 



Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 

0 Word 63 is empty. 

( 2 ) Output Readygoes HIGH indicating arrival of the new data. 

0 New data (A) arrives at the outputs (word 63). 

0 Since Shift Outis held HIGH, Output Ready goes immediately LOW. 

0 As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready wilt go HIGH or LOW depending on whether there are any additional upstream 
wordsin the FIFO. 
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DATA OUTPUTS 

I 

I 

1 

I 

K 





(i) FIFO initially partially full. 

Figure 10. Master Reset Timing 
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Serializing First-In-First-Out 
(FIFO) 64x8/9 Memory 


67417 


Features/ Benefits 

• High-Speed 28-MHz serial shift-in/shift-out rate 

• 10-MHz parallel shift-in/shift-out rate 

• Three-state outputs with Hi-current drive 

• Cascadable at parallel port only 

• Half-full flag (32 or more) 

• Selectable 64x8 or 64x9 FIFO configuration thus providing 
“frame mark bit” 

Typical Applications 

• LAN equipment 

• Data communication 

• Office automation 

• Microcomputers 

• Minicomputers 

• Disk/tape controllers 

Description 

The 6741 7 is a serializing/deserializing FIFO. This FIFO, the first 
one of its type in the industry, is organized 64 words x 8/9 bits 
wide. Like traditional Monolithic Memories’ FIFOs it is cascada- 
ble, but only at the parallel port. 

Pin Configuration 


Ordering Information 


PART 

NUMBER 

PACKAGE 

TEMPERATURE 

DESCRIPTION 

67417 

J 

Com 

64x8/9 


In addition, the device has the ability to connect directly to a 
system bus. These features make it a complete “sub-system on a 
chip.” 

The FIFO basically has three modes of operation; 

1. Serial in to parallel out 

2. Parallel in to serial out 

3. Serial in to serial out (requires non-standard logic level 
onPDIR). 

In the first mode, serial data can be accepted at up to 28 MHz and 
the FIFO outputs parallel data at up to 10 MHz. Similarly, In the 
alternate mode parallel data can be transformed into serial data. 
Please refer to appendix for detailed description. 

Pin Names 



NOTE: Please call Monolithic Memories for introduction dates. MM rs m ra 

TWX 910-338 2376 l!l9!!9PJIU9 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 fifdllOfTFC’S 
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Block Diagram 



PARALLEL SHIFT (PS) 
PARALLEL READY (PR) 

HALF FULL FLAG (HF) 
PARALLEL DIRECTION (PDIR) 
MASTER RESET (MR) 

WORD LENGTH (WL) 
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Absolute Maximum Ratings 

Supply voltage Vqq: • . — -0.5 V to 7 V 

Input voltage * — • . -15 V to 7 V 

Off-state output voltage -0.5 V to 5.5 V 

Storage temperature -65° to +150° C 


Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

< 

O 

o 

Voltage 


4.75 

5 

5.25 

V 

Ta 

Operating free-air temperature 


0 


75 



SERIAL INPUT PARAMETERS 




%IN 

Max. Serial Shift-in Rate 

1 

28 

MHz 

•SISH 

Serial Shift-In HIGH time 

;':1^ / 

23 

ns 

*SISL 

Serial Shift-In LOW time 

1 

12 

ns 

'SIDS 

Serial Input Data Setup time 

1 


ns 

^SIDH 

Serial Input Data Hold time 


- ■■ 0 ' ' 

ns 

'SIRHS 

Recovery Time Serial Input Ready I to 

Serial Input Shift t 

- r ■ 

0: 

ns 


SERIAL OUTPUT PARAMETERS 




'SOUT 

Max. Serial Shift-Out Rate 


28 

MHz 

'SOSH 

Serial Shift-Out HIGH time 

3 

15 

ns 

'SOSL 

Serial Shift-Out LOW time 

3 

15 

ns 

'ORHS 

Recovery time Serial Output Ready t 
to Serial Output Shift t 

3 

5 

ns 


WORD LENGTH PARAMETERS 




'SWL 

Setup SIS, SOS 

1,3 

":i8. '■ ■■■■ 

ns 

'hwl 

Hold SIS, SOS 

1,3 

. 3 ■ .V:;- 

ns 


PARALLEL PORT PARAMETERS 




fp 

Parallel shift-in/shift-out rate 

8 

lO'--"' 

MHz 

'PSH 

Parallel Shift-ln/Out HIGH time 

5/8 

30 

ns 

'PSL 

Parallel Shift-In/Out LOW time 

5/8 

30 

ns 

*PIDS 

Parallel Input Data Setup time 

5 

' '-5 

ns 

¥idh 

Parallel Input Data hold time 

-5. ' 

: 35'-' 

ns 

‘PDIRSL 

Shift LOW to parallel direction transition 

14 

■ 50 

ns 

'PDIRSH 

Parallel direction transition to Shift HIGH 

; 14 

50 

ns 

*PRHS 

Parallel Ready t to Parallel Shift Lovv 

10/11 

, 3o": . 

ris 


MASTER RESET PARAMETER 




^MRW 

1 Master Reset LOW time 

12/13 

40 

ns 
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Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 


SERIAL INPUT PARAMETERS 




^SIRL 

Serial Input Shift t to Serial Input Ready LOW 

2 

23 

ns 

^SIHFH 

Serial Input Shift t to Half-Full Flag HIGH 

7 

1.3 

MS 


SERIAL OUTPUT PARAMETERS 




‘80RL 

Serial Output Shift t to Serial Output Ready LOW 

4 

23 

ns 

•sod 

Serial Output Shift t to Serial Output data 

3 

23 

ns 

^ODRH. 

Serial Output Data valid to Serial Output Ready HIGH 

3 

0 

25 


ns 

•SOHFL 

Serial Output Shift t to Half-Full LOW 

7 

1.3 

/xS 


PARALLEL INPUT/OUTPUT PARAMETERS 




•PSPRL 

Parallel Shift t to Parallel Ready LOW 

5/8 

65 

ns 

•PSPRH 

Parallel Shift 1 to Parallel Ready HIGH 

5/8/10 

80 

ns 

•PSHFH 

Parallel Shift-In 1 to Half-Full HIGH 

6 

1-3 

MS 

¥shfl 

Parallel Shift-Out 1 to Half-Full LOW 

9 

1.3 

MS 


PARALLEL OUTPUT PARAMETERS 




tpODH 

Minimum Parallel Shift 1 to Ouputdata 

8 

20 

ns 

•pod 

Maximum Parallel Shift i to Output data 

8 

60 

ns 

•PODV 

Minimum Output data valid to parallel ready HIGH 

8 

0 

15 


ns 


OTHER PARAMETERS 




tpT 

Fall-through time 

10/11/16/17 

2.6 

MS 

^IPH 

Parallellnput Ready pulse HIGH 

11 

30 

ns 

^OPH 

Parallel Output Ready pulse HIGH 

10 

30 

ns 

^MRO 

Master Reset 1 to Data Out LOW 

12 

65 

ns 

•mrsirl 

Master Reset 1 to Serial Input Ready LOW 

12 

40 

ns 

•mrsirh 

Master Reset I to Serial Input Ready HIGH 

12 

40 

ns 

•mrprl 

Master Reset 1 to Parallel Ready LOW 

12/13 

40 

ns 

•mrprh 

Master Reset 1 to Parallel Ready HIGH 

13 

30 

ns 

^MRSORL 

Master Reset 1 to Serial Output Ready LOW 

13 

40 

ns 

•mrhfl 

Master Reset 1 to Half-Full LOW 

12/13 

60 

ns 

•PDIROR 

Parallel Direction change to new Output Ready 

14 

60 

ns 

¥D!R0D 

Parallel Direction change to Output data valid 

14 

60 

ns 

¥dirpz 

Parallel Direction change to Parallel Output data Hi-Z 

14 

. '35 

ns 

•PDIRSZ 

Parallel Direction changes to Serial Output-data Hi-Z 

14 

80 

ns 

‘PZX 

Output enable time POE to PO-8 

15 

30 

ns 

•pxz 

Output disable time POE to PO-8 

15 

35 

ns 
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Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COM 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8t 

V 

V|H 

High-level input voltage 


2t 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

ij = -18 mA 

-1.5 

V 

l|L 

Low-level input current 

Vqq = MAX 

Vj = 0.4V 

-0.4 

mA 

'iH 

High-level input current 

Vqq = MAX 

V| = 2.4V 

0.1 

mA 

ii 

Maximum input current 

Vqq = MAX 

V| = 5.5V 

0.4 

mA 

VoL 

Low-level output voltage 

Vqq = MIN 

Data Outputs 
P0-P8, SOD 

Iol= 24 mA 

0-80°C 

0.58 

V 

25°C 

0.55 


O 

o 

O 

00 

1 

o 

0.5 

All other outputs 


0.5 

X 

o 

> 

High-level output voltage 

Vqq = min 

lQH = ~3mA 

2.4 

V 

•os 

Output short-circuit current* 

Vcc = MAX 

< 

O 

it 

o 

< 

I 

l>0 

0 

1 

CO 

o 

mA 

•lz 

Off-state 
output current* 

SOD 

P0toP8 

Vqq = MAX ^ 

Vq = 0.4 V 

-100 

mA 

•hz 

Vo = 2.4V 

100 

rnA 

•cc 

Supply current 

Vqq = MAX ' 


350 

mA 

Ov 

PDIR non-standard 
over voltage 

Serial-In, Serial-Out 

10 16 

V 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
I This is an absolute voltage vvith respect to device GND {pin 12) and includes all overshoots due to test equipment. 


Test Waveforms 


TEST 

S = OPEN 

S = CLOSED 

OUTPUT WAVEFORM’MEAS-LEVEL 

All tpQ 


All tpQ 

“ 

VoL /N 

*PXZ 

♦PHZ 

‘PLZ 



Vou2i±:=r^'''— -0.0 V 

•pzx 

tpZH 

‘PZL 

V _VoH 


+ 5.0 



Monolithic IfLiniJ Memories 


8-89 










67417 
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Definition of Waveforms 

SERIAL OUTPUT SHIFT 
(SOS) 

OR 

PARALLEL SHIFT OUT 

PS(0) 


y y 


y \ 


SERIAL INPUT READY 
(SIR) 






*SIRHS - 




SERIAL INPUT SHIFT 
(SIS) 




SERIAL INPUT DATA 
(SID) 


X 


WORD LENGTH 
(WL) 


X 


*SWL- 


-l/fSiN- 


-tSiSH- 




-*SISL- 


ji 


\ 


X 


X 


-*HWL 


© FIFO is full. 

© Shift-out (serial or parallel) is asserted, SIR goes High. 

© SIS can be asserted t3ip|^S after serial input ready changes from low-to-high. 

Figure 1. Seilallnput Timing 

© 


SERIAL INPUT READY 

(SIR) 


SERIAL INPUT SHIFT 
(SIS) 


X 


i-*SIRLH 


X 


© FIFO is not full. 
©FIFO is full 


Figure 2. FIFO Fuli Specification (tsiRL) 
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Definition of Waveforms (cont’d) 


PARALLEL/SERIAL 
INPUT SHIFT 
PS(I)/SIS 


(D 

/ \ 


/ \ 


SERIAL OUTPUT READY 
(SOR) 



*ORHS 


*SOSH 


*SOSL 


SERIAL OUTPUT SHIFT 
(SOS) 


WORD LENGTH 
(WL) 



*ODRH 


1/*SOUT- 


SERIAL OUTPUT DATA \ 

(SOD) 7 



VALID OUTPUT ^ 



l«l 

1 — t * w. 

*SWL 


1 ^ *SOD ^ 




® FIFO is empty, output ready remains Low and shift-out cannot be applied. 

® After a word is shifted in, output ready goes High and shift-out can be applied. 
@ The first serial bit is PO. 

Figure 3. Serial Output Timing 


SERIAL OUTPUT SHIFT 
(SOS) 




-1%OUT 


© 



*SORL^-| 


SERIAL OUTPUT READY 
(SOR) 



© After the last shift-out, output ready goes Low indicating FIFO is empty. 

Figure 4. FIFO Empty Specifications (tsoRL) , 
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Definition of Waveforms (cont’d) 



NOTE: Pdir = High for the mode parallel-in to serial-out. Parallel ready is an output flag from the FIFO indicating that a word can be loaded into the FIFO. 
® FIFO is not full and ready for input. 

@ PS (In) is asserted, shifting in parallel data PO-8. 

PR (In) goes Low indicating parallel port is in use and no longer ready. 

PR (In) will remain Low as long as PS (In) remains High. 

0 PS (In) has gone Low, allowing recent word to propagate through FIFO, PR (|n) returns High when ready for more input. 


Figure 5. Parallel Input Shift Timing 



CD for Pdir = High, the direction is parallel-in to serial-out. After the 32nd shift-in, the half-full 
flag is set to High, and remains High, indicating the presence of 32 or more words. 


Figure 6. Half-full Flag Specifications on Parallel Opshfh) 



® When there are 31 words in the FIFO, the next shift-in on the 32nd word sets the 
half-full flag (HF) High indicating that there are 32 or more words. 

© As soon as one word is partially shifted out, HF goes Low indicating there are 
less than 32 words. 

Figure 7. Half-full Flag Specification on Serial Operation (t 3 impH, t 3 QHp|_) 
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Definition of Waveforms (cont’d) 



NOTE: For above conditions Pqir = Low indicating that the direction is from serial-in to parallel-out. 

Thus parallel ready indicates the output status. 

® FIFO is not empty and at least one word is valid and ready at PO-8 outputs. 

® PS (Out) is asserted, shifting out parallel data. Data remains valid, but: 

PR (Out) goes Low to indicate parallel port is in use and no longer ready. 

PR (Out) will remain Low as long as PS (put) remains High. 

@ PS (Out) has gone Low, allowing data word to be shifted out. Next data word appears at output and 
PR (Out) is asserted to indicate valid data ready. 

Figured. SeriaHn to Parallehout Specifications (tpQp, tpQp^, tQDV) 



NOTE: For Pqir = Low the direction is serial-in to parallel-out. 

0 When a word is shifted out and the half-full flag goes Low, 

31 words or less are in the FIFO. 

Figure 9. Haif-fuli Flag Specification on Parallei Shift-out (tpgHFL) 



NOTE: Pqir = LoW indicating serial-in to parallel-out. 
© FIFO initially empty. 

© PS (Out) held High. 


Figure 10. tpgppi^, tpj, tpoH Specifications (Serial Input Mode) 
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Definition of Waveforms (cont’d) 


BiTO BIT1 



NOTE: Pdir = High (parallel-in to serial-out). 
© FIFO is full. 

® PS (I) held High. 

Figure 11. Fail-through Specifications 



NOTE: Pdir = Low. 

© PR (O) and HF go Low. 

© After ^ goes High, SIR goes High. 

Figure 12. Master Reset Timing Serial-in to Rarailej-out 
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Definition of Waveforms (cont’d) 



NOTE; Pdir = High. 

@ SOR and HFgo Low. 

(D Affter MR goes High, PR(I) goes High. 


Figure 13. Master Reset Timing (Paraliei-in to Seriai-out) 



NOTE; When the FIFO is used as a stack, change the port direction before the FIFO is full; otherwise, data may be lost. 

Figure 14. PpiR Transition Parameters 


PARALLEL DATA 

(Po-8) 


PARALLEL OUTPUT ENABLE 
(POE) 




Figure 15. Parallel Port Enable and Disable Timing 
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Definition of Waveforms (cont’d) 



Figure 16. tpj Specification (Shift-in to Serial Output Ready) 




Figure 17. tpj Specification (Shift-in to Serial Input Ready) 
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Appendix 

Detailed Functional/Description 
for 6741 7 

The 67417 is a serializing FIFO intended as a pne-chip solution 
for data buffering and serializing/deserializing. It can be suc- 
cessfully used for interfacing parallel -format computing equip- 
ment to serial-format data communications and mass-memory 
equipment. The 67417 is a word-oriented device. It is meant to 
function with complete 8- or 9-bit words of data. ' 


Parallel Port 

This is a fully bidirectional port, and it operates at a more conser- 
vative data rate of 10 MHz. The input-staging register (ISR) 
internally controls the parallel input data port bus signals. Like- 
wise the OSR internally controls the parallel output data port. 
The ISR data outputs drive the parallel data inputs to the cell 
array, and the OSR inputs are likewise driven by the final parallel 
data stage of the cell array 


SERIAL INPUT SHIFT (SIS) - 
SERIAL INPUT READY (SIR) - 
SERIAL INPUT DATA (SID) - 


SERIAL INPUT 
CONTROL LOGIC 


8/9 L 


PARALLEL PORT 4 


PARALLEL OUTPUT ENABLE (POE) - 





FIFO 



CONTROL 


LOGIC 







- PARALLEL SHIFT (PS) 

- PARALLEL READY (PR) 

- HALF FULL FLAG (HF) 

- PARALLEL DIRECTION (PDIR) 

- MASTER RESET (MR) 

- WORD LENGTH (WL) 


SERIAL OUTPUT DATA (SOD) 
SERIAL OUTPUT SHIFT (SOS) ■ 
SERIALOUTPUTREADY(SOR)- 


SERIAL Output 
CONTROL LOGIC 


ISR = INPUT STAGING REGISTER 
OSR = OUTPUT STAGING REGISTER 


Basically the major internal subsystems of the 67417 are: 

(i) The serial input port 

(ii) The serial output port 

(iii) The parallel port 

(iv) The FIFO control logic and 

(v) The cell array 


Serial Port 

The two serial ports (input and output) are entirely separate 
which allows a high-speed data rate of 28 MHz. These serial 
ports do not share data pins, control pins, or internal circuits. 
However, since the serial output data is a three-state output, the 
serial data ports could be connected together in the normal 
serial-parallel operation mode with separate SOR and SIR status 
signals. 

The serial input port interface consists of the Serial Input Ready 
(SIR) output, Serial Input Data (SID) input, and the Serial Input 
Shift (SIS) clock input. UnliketheanalogousSI and IR signals on 
the 67401/2, SIS and SIR do not accomplish a “handshake” with 
the rest of the logic of the system which incorporates the 6741 7 ; 
rather SIR is asserted whenever the 67417 Is still capable of 
receiving at least one more bit. SIS is a positive edge-triggered 
input which sequences the serial input control logic. This logic 
inturn controlsSIR and the 8/9-bit Input Staging Register (ISR). 

The serial output port interface is the dual of the above, with a 
Serial Output Data (SOD) output, a Serial Output Shift (SOS) 
clock input, and a Serial Output Ready (SOR) status output. 
SOR is asserted whenever at least one more bit is aval lable at the 
output. SOS is a positive edge-triggered input which sequences 
the 8/9-bit Output Staging Register (OSR). Serial Output Data Is 
automatically three^stated whenever the serial output port is 


disabled (during Master Reset) and PDIR = Low. The parallel 
port is controlled by Parallel Shift (PS) input and Parallel Direc- 
tion Input (PDIR). Parallel Ready (PR) is the handshake/status 
output. At the Parallel Port PS and PR do accomplish a hand- 
shake with the outside world as SI, IR, SO and OR on the 
67401/2. 

Modes of Operation 

There are three modes in which the 67417 can operate 

(i) Parallel-in to serial-out 

(ii) Serial-in to parallel-out and 

(iii) Serial-in to serial-out. 

In the parallel-in to serial-out mode, PDIR = HIGH. Thus Parallel 
Shift (PS) acts as a Shift In (SI) and similarly. Parallel Ready (PR) 
as Input Ready (IR). The first bit shifted out of the serial port will 
be bit O of the parallel word input. 

Similarly for serial-in to parallel-out mode, PDIR = LOW, and 
Parallel Shift (PS) acts as a Shift Out(SO) and Parallel Ready 
(PR) as Output Ready (OR). The first bit shifted into the serial 
port will be bit 0 of the parallel word output. 

If the direction mode for a particular application of the 67417 is 
not intended to change during system operation, the PDIR input 
should be strapped to a logic LOW or HGH. 

In the serial-in to serial-out mode, PDIR - 10 V minimum. 

The parallel port does not function during this mode and is 
three-stated. The direction operating mode should not be 
changed if the FIFO is FULL otherwise stored data will be lost. 

Cell Array 

The 67417 cell array can function e/Y/?er as a 64x8 FIFO (with the 
9th bit padded to a zero) or as a 64x9 FIFO, according to the 
setting of the word length (WL) control input. Like the PDIR 
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control input, WL can be switched at electronic speeds during 
system operations; but if the word length of a particular 6741 7 is 
never to change during system operation, WL for that part can 
be strapped to ground or Vqq. 

It is a permissible 6741 7 mode of operation to almost fill the FIFO 
(there should be at least two empty locations) with WL set to 
8“bit operation, then switch WL to 9-bit operation (WL - HIGH) 
to load one more word plus a frame marker in the last bit, and 
then switch PDIR and unload the 67417 in a 9-bit mode. This 
sequence of operations has the effect of providing a “frame 
marker bit” in the ninth bit of the last word loaded. The 
corresponding 9th bits will have been zeroed by the 67417 
internal logic for all the other words in the frame since they were 
loaded while the 67417 was operating as an 8-bit device. 

It is, however, the system designer’s responsibility to avoid 
changing PDIR inputs when only part of an 8- or 9-bit word has 
been received or transmitted. In general, if such a change 
occurs, the part in general will try to add zero bits to pad out the 
impacted word to assume full length. 

Applications 


Half-Full Flag 

This status output indicates when the 67417 statically contains 
32 words or more. This provides an indication to send in more 
data if the device is operated in a mostly-empty mode or send 
out more data if the 67417 is operated in a mostly-full mode. 


Cascading 

The 67417 is designed to be cascaded at the parallel port only, 
due to very high datatransfer rates at the serial ports. Cascading 
two 6741 7’s is accomplished by connecting Parallel Input/Out- 
put Ready (PR) of each part to control the Parallel Shift In/Out 
(PS) of the other part, with one FIFO in serial-in to parallel-out 
mode, and the other FIFO in parallel-in to serial-out mode. The 
combined effect of this is a reversible 128x8 or 128x9 serial-in 
serial-out FIFO. The 67417 can not be cascaded at the serial 
ports because SIR and SOR are not acknowledged signals but 
rather status signals only. 



NOTE: It can shift in data serially In the multiples of 8- or 9-bit according to WL. 

Figure 18. 512/576x1 Seriai-in to Serial-out Mode 



Figure 19. Cascading of Two ’S417s for Serial-in to Serial-out 
Operation as a 128x9 (1152x1) FIFO 
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Figure 20. An Example of an Expansion Scheme 
for a 64x18 Parallei-to-Serial FIFO 

An 18-bit data word is multiplexed into the two 67401/2 FIFOs. 67401/2 FIFOs were used along with the 67417 to obtain the 

Si nee the 6741 7 FIFO is cascadable at the parallel port only, two appropriate organization. 



Figure 21. Another Example of an Expansion Scheme for a 64x18 Parallel-in to Serial-out FIFO 
Two 67417 FIFOs Are Used to Implement a 64x18 Parallel-in to Serial-out FIFO 
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PIS01 

SIP02 NOTES: 


I SLAVE 
\ UNITS 


H 


SlPO = Serial-in to Parallel-out mode 
PISO = Parallel-in to Serial-out mode 


Figure 22. A Multiprocessing System 

Each processor unit on the left has its own communication the 6741 7 for the master unit operates in serial-in to parallel-out 

interfacewhich consists ofa serializing FIFO. The serial data link mode (SlPOi) . The direction 2 has the FIFOs (67417) operating 

can operate in either direction 1 or direction 2 which is decided in the reverse direction from the above case. Decision logic 

by the Decision logic. In direction 1 either of the slave units send determines the priority of the slave processors to use the serial 

the data to the master over the serial link, with its respective link. 

67417 operating in parallel-in to serial-out mode (PIS01 ). While 
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First-In First-Out (FIFO) C67L4033D 
64x5 Memory 
1 5 MHz (Cascadable) 


Features/Benefits 

• High-speed 15 MHz shift-in/shift-out rates 

• High drive capability 

• Low-power consumption 

• Three-state outputs 

• Fully expandable by word width and depth 

• Half-Full and Almost-Fuli/Empty status flags 

• Structured pinouts. Output pins directly opposite 
corresponding input pins. 

• Asynchronous operation 

• TTL-compatible inputs and outputs 

Description 

The C67L4033D is a high-speed, 64x6 First-In-First-Out (FIFO) 
memory which operates at 15 MHz input/output rates. The data 
is loaded and emptied on a first-in-first-out basis. It is a three- 
state device with high-drive (Iql = 24 mA) data outputs. These 
devices can be expanded to any word width and depth. It has a 
Half-Full flag (thirty-two or more words full) and an almost 
full/empty flag (fifty-six or more words or eight or less vyords). 
The main application of C67L4033D is as a rate buffer; sourcing 
and absorbing data at different rates. Other applications are 
high-speed tape and disk controllers, data communications sys- 
tems and plotter control systems. 


Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

DESCRIPTION 

C67L4033D 

N,J 

Com 

15MHzjn/out 


Pin Configuration 


C67L4033D 



OE[7j 

, ^ 

vcc 


HALF FULl|T 


ALMOST FULL/ 
EMPTY 

INPUT READY [T 


Jb] SHIFT OUT 

SHIFT IN E 


Tt] OUTPUT READY 


Do[r 


T!]oo 



D1 [T 


jsjoi 


DATA 

D2[T 


i 302 

OUTPUT 


03^ 


2^03 ! 



D4|T 


23 04 J 


GNDilO 


mj MASTER RESET 


Block Diagram 


DO 

D1 

02 

D3 

D4 


INPUT BEADY 
SHIFT IN 


MASTER RESET 


OUTPUT ENABLE 



TWX; 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 tel; (408) 970-9700 TWX: 910-338-2374 
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Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

FIGURE 

MIN 

COMMERCIAL 

MAX 

UNIT 

t|RL 

Shift In t to Input Ready LOW 

1 

40 

ns 

*IRH 

Shift In 1 to Input Ready HIGH 

1 

26 

ns 

*ORL 

Shift Out t to Output Ready LOW 

5 

45 

ns 

•ORH 

Shift Out 1 to Output Ready HIGH 

5 

50 

ns 

•ODH 

Output Data Hold (previous word) 

5 

12 

ns 

•ODS 

Output Data Shift (next word) 

5 

40 

ns 

tpT 

Data throughput 

4,8 

1600 

ns 

‘mrorl 

Master Reset 1 to Output Ready LOW 

10 

60 

ns 

^MRIRH* 

Master Reset t to Input Ready HIGH 

10 

30 

ns 

^MRIRL* 

Master Reset 1 to Input Ready LOW 

to 

50 

ns 

^MRO 

Master Reset i to Outputs LOW 

10 

60 

ns 

t|PH 

Input ready pulse HIGH 

4 

17 

ns 

tOPH 

Output ready pulse HIGH 

8 

24' 

ns 

*ORD 

I Output ready t to Data Valid 

5 

-3 

ns 

*AEH* 

Shift Out t to AF/E HIGH 

11 

320 

ns 

•ael* 

Shift In T to AF/E LOW 

11 

1400 

ns 

*AFL* 

Shift Out t to AF/E LOW 

12 

1400 

ns 

*AFH* 

Shift In t to AF/E HIGH 

12 

320 

ns 

tHFH* 

Shift In t to HF HIGH 

13 

800 

ns 

tHFL* 

Shift Out! to HF LOW 

13 

800 

ns 

*PHZ* 

Output Disable Delay 


30 

ns 

¥lz * 

A 

30 

‘PZL* 

Output Enable Delay 

M 

30 

ns 

tpZH* 


40 


* See timing diagram for explanation of parameters. 


Three-State Test Load 


VCC 




Waveform 1 is for a data output with internal conditions such that the output is 
low except when disabled by the output control. 

Waveform 2 is for a data output with internal conditions such that the output 
is high except when disabled by the output control. 
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Standard Test Load 


5V 



Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 

Measurements made at 1 .5 V 

All Diodes are 1 N91 6 or 1 N3064 


Functional Description 
Data Input 

After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master 
Reset must be applied prior to use to ensure proper operation. 
When Input Ready (IR) is HIGH the first location is ready to 
accept data from the Dx inputs. Data then present at the the data 
inputs is entered into the first location when the Shift-In (SI) is 
brought HIGH. A SI HIGH signal causes the IRtogo LOW. Once 
data is entered into the first cell, the transfer of data in any full 
cell to the adjacent (downstream) empty cell is automatically 
activated by an on-chip control. Thus data will stack up at the 
end of the device (while empty locations will “bubble" to the 
front when data is shifted out), tpj defines the time required for 
the first data to travel from input to the output of a previously 
empty device. When SI is brought LOW and the FIFO is not full, 
IR will go HIGH, indicating more room is available. If the memory 
is full, IR will remain LOW. The FIFO should always be cleared 
by using Master Reset before starting the operation. 


Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage. Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW, Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that there is valid upstream data, is shifted to the outpiJt 
stage. When new valid data is shifted to the output stage, OR 
goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


IQL 

R1 

R2 

24 mA (Data) 

200 n 

soon 

8 mA (IR, OR, Flags) 

600 n 

1200 n 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpj) or completely empty (Output Ready 
stays LOW for at least tpj). 

AC Test and High-Speed App. Notes 

Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
20 MHz in operation. Device grounding and decoupling is cru- 
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitances and/or 
poor supply decoupling and grounding. Mohplithic Memories 
recommends a monolithic ceramic capacitor of 0.1 fxF directly 
between Vqc and GND with very short lead length. In addition, 
care must be exercised in how the timing is set up and how the 
parameters are measured. For example, since an AND gate 
function is associated with both the Shift- In-In put Ready com- 
bination, as Well as the Shift-Out-Output Ready combination, 
timing measurements may be misleading, i.e., rising edge of the 
Shift-In pulse is not recognized until Input ready is HIGH. If 
Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 
will be ignored. This will affect the device from a functional 
standpoint, and will also cause the “effective” timing of Input 
Data Hold time (T|dh) and the next activity of Input Ready 
{T|rl) to be extended relative to Shift-in going HIGH. This same 
type of problem is also related to Tirh. Tqrl and Tqrh as 
related to Shift-Out. For high-speed applications, proper 
grounding technique is essential. 
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Timing Waveforms 



Figure 1. Input Timing 




INPUT DATA 


-STABLE DATA- 




Figure 3. The Mechanism of Shifting Data into the FIFO 


® Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 

@ Input Data is loaded into the first word. The data from the first word is released for "fall-through" to second word. 

0 Input Ready goes LOW indicating the first word is full. 

0 Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Irtput Ready HluH. 
0 if the second word is already full then data remains at the first word. Since the FIFO is now full Input Ready remains low. 

Note: Shift-In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 
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Figure 4. Data is Shifted in Whenever Shift in and input Ready are Both HIGH 

© FIFO is initially full. 

© Shift Out pulse is applied. An empty location starts “bubbling” to the front. 

© Shift In is held HIGH. 

© As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 



© The diagram assumes that at this time, words 64, 63 and 62 are loaded with A, B and C Data, respectively. 

© Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 



Figure 6. Typical Waveforms for 15 MHz Shift-Oiit Data Rate 

© The diagram assumes that at this time words 64, 63 and 62 are loaded vifith A, B and C Data, respectively. 
® Data in the first crosshatched region may be A or B Data. 







C67L4033D 



(D Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 

(D Shift-Out goes HIGH causing the contents of word 63 (B-Data) to be released for fall-through to word 64. 

Output data remains as valid A-Data while Shift-Out is HIGH. 

0 Output Ready goes LOW. 

0 Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 

© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 



© FIFO initially empty. 

© Shift-Out is held HIGH. 



© Word 64 is empty. 

© Output Ready goes HIGH indicating arrival of the new data. 

© New data (A) arrives at the outputs (word 64). 

© Since Shift Out is held HIGH, Output Ready goes immediately LOW. 

® As soon as Shift Out goes LOW the Output Data is subject to change. 

Output Ready will go HIGH or LOW depending on whether there are any additional upstream words in the FIFO. 
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DATA OUTPUTS 




© FIFO is partially full. 


Figure 10. Master Reset Timing 



© FIFO contains 9 words (one more than almost empty). 



© FIFO contains 55 words (one short of almost full). 
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The First Column of FIFOs 


The Last Column of FIFOs 


Almost Full (AF) is eight words or less to FIFO full. 
Almost Empty (AE) is eight words or less to FIFO empty 


Figure 14. 192x15 FIFO with C67L4033D 
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HALF FULL FLAG 


Figure 15. Application for C67L4033D “Slow and Steady Rate to Fast ‘Blocked Rate’ 


Note: Cascading the FIFO's in word width is done by ANDing the IR and OR as shown in Figure 14. 
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Firet-ln First-Out (FIFO) C67L401 3D 
64x4 Memory 
1 5 MHz (Cascadable) 

With Three-State Outputs 


Features/ Benefits 

• High-speed 15-MHz shift-in/shift-out rates 

• Low power consumption 

• TTL inputs and outputs 

• Readily expandable in word width and depth 

• Structured pinouts. Output pins directly opposite 
corresponding input pins 

• High-drive capability 

• Asynchronous operation 

• Output Enable feature 


Orderinj 

1 information 

PART 

NUMBER 

PKG 

TEMP 

0/P 

DESCRIPTION 

G67L4013D 

N,J 

Com 

3'-state 

15 MHz 64x4 FIFO 


Description 

The C67L4013D is a “fall-through” high-speed First-In First-Out 
(FIFO) memory organized 64 words by 4 bits. The FIFO is 
expandable in word width and depth. The FIFO is attractive for 
many applications such as disk controllers, communication 
buffers, rate buffers, etc. The C67L4013D has three-state, high- 
drive (Iql = 24 mA) outputs. 


Pin Configuration 


C67L4013D 



vce 

SHIFT OUT 


00 

01 
02 
03 

MASTER RESET 


Block Diagram 


C67L4013D 


OUTPUT ENABLE 
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Absolute Maximum Ratings 

Supply voltage Vcc — -0.5 V to 7 V 

Input voltage i -1.5 V to 7 V 

Off-state output voltage -0.5 V to 5.5 V 

Storage temperature -65®C to +150°C 

operating Conditions Over Temperature Range 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 

MIN TYP MAX 

UNIT 

VgC 

Supply voltage 


4.75 5 5,25 

V 

ta 

Operating free-air temperature 


0 70 

°c 

f|N 

Shift in rate 

1 

..■15, 

MHz 

tSIH 

Shift in High time 

1 

24 

ns 

tSIL 

Shift in Low time 

1 

15 

ns 

t|DS 

Input data setup to SI (Shift In) 

1 

0 

ns 

t|DH 

Input data hold time to SI (Shift In) 

' 1 

26 

ns 

tRIDS 

Input data setup to IR (Input Ready) 

4 

0 

ns 

tRIDH 

Input data hold time to IR (Input Ready) 

4 

26 

ns 

four 

Shift out rate 

5 


MHz 

tSOH 

Shift out High time 

5 

.17^ ; 

ns 

tSOL 

Shift out Low time 

5 

■1&" ■ 

ns 

tMRW 

Master Reset pulse** 

10 

35: 

ns 

tMRS 

Master ResOt to SI* 

10 

''35, 

ns 


* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when goes high. 
** See AC test and high-speed application note. 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITION 

COMMERCIAL 

MIN MAX 

UNIT 

VlL 

Low-level input voltage 


0.8** 

V 

:V|H 

High-level input voltage 


2** 

V 

V|C 

Input clamp voltage 

Vcc = MIN 

l| = -18mA 

-1.5 

V 

l|L 

Low-level input current 

Vcc = max 

V| -0.45 V 

-250 

mA 

•IH 

High-level input current 

Vcc = max 

V| = 2.4V 

50 

mA 

l| 

Maximum input current 

Vcc = max 

V| - 5.5 V 


mA 

VOL 

Low-level 
Output voltage 

Output, 0 

Vcc = min 

IOL = 24mA 

0-5 

V 

IR, OR 

Iql = 8 mA 

, 

VOH 

High-level 
Output voltage 

Output, 0 

Vcc = min 

Iqh = “3.0 mA 

, 2,4 . 

V 

IR, OR 

IqH “ “0-9 rhA 

lOS 

Output short-circuit current* 

Vcc = max 

< 

O 

II 

o 

< 

-20 . . ^ 

mA 

lOZL 

Off-state output current 

^cc = max 

Vo = 0.4Y 

-50 

mA 

'OZH 

Vo = 2.4 V 

+50 

Icc 

Supply current 

Vcc = max 

All inputs low. All outputs open. 

110 

mA 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

** These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
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Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 

MiN MAX 

UNIT 

tiRLt 

Shift In t to Input Ready LOW 

1 ■ i 

40 

ns 

tiRHt 

Shift In i to Input Ready HIGH 

26 

ns 

tORLt 

Shift Out t to Output Ready LOW 

5 

45 

ns 

tORHt 

Shift Out 1 to Output Ready HIGH 

50 

ns 

tODHt 

Output Data Hold (previous word) 

12 

ns 

tODS 

Output Data Shift (next word) 

40 

ns 

tpT 

Data throughput 

4,8 i 

1600 

ns 

tMRORL 

Master Reset i to Output Ready LOW 

i 

10 

j 

60 

ns 

tMRIRH 

Master Reset t to Input Ready HIGH* 

30 

ns 

tMRIRL 

Master Reset 1 to Input Ready LOW* 

50 

ns 

tMRO 

Master Reset 1 to Outputs LOW 

60 

ns 

t|PH 

Input ready pulse HIGH 



4 1 

17 

ns 

tOPH 

Output ready pulse HIGH 

8 

24 

ns 

tORD 

Output ready t to Data Valid 

5 

-3 

ns 

tPHZ 

Output Disable Delay, C67L4013D 

■ A 

30 

ns 

tPLZ 

30 

-j 

Output Enable Delay, C67L4013D 

' 30 

ns 

tPZH 

40 


Note: Typicals at 5 V Vqq and 25“ C Ta- 

If the FIFO is not full (IR High), MR low forces IR |ow, followed by IR returning high when MR goes high, 
f See AC test and high-speed application note. 



Figure A. Enable and Disable 

Waveform 1 is for an output with internal conditions such that the output is low 
except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high 
except when disabled by the output control. 
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Standard Test Load 


5V 



Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 

Measurements made at 1 .5 V 

All Diodes are 1N916 or 1N3064 


Functional Description 
Data Input 

After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data In the first location. Master reset 
must be applied prior to use to ensure proper operation. When 
Input Ready (IR) is HIGH the first location is ready to accept data 
from the Dx Inputs. Data then present at the data inputs is entered 
Into the first location when the Shift-In (SI) Is brought HIGH. 
An SI HIGH signal causes the IR to go LOW. Once data is entered 
into the first cell, the transfer of data from any full cell to the 
adjacent (downstream) empty cell is automatic, activated by an 
on-chip control. Thus data will stack up at the end of the device 
while empty locations will “bubble” to the front, tpj defines the 
time required for the first data to travel from input to the output of 
a previously empty device. When SI is brought LOW and the 
FIFO is not full, IR will go HIGH, indicating more room is 
available. If the memory is full, IR will remain LOW. The FIFO 
should always be cleared by using master reset. 


Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage. Output Ready (OR) goes HIGH, Indicating the 
presence of valid data. When the OR is HIGH, data may be shifted 
out by bringing the Shift Out (SO) HIGH. A HIGH signal at SO 
causes the OR to go LOW. Valid data is maintained while the SO 
is HIGH. When SO is brought LOW the upstream data, provided 
the upstream stage has valid data, is shifted to the output stage. 
When new valid data Is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW and Data output will 
not be valid. 
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»OL 

R1 

R2 

24 mA 

200 a 

300 a 

8 mA 

600 n 

i20oa 


Three-State Test Load 


VCC 



Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpj) or completely empty (Output Ready 
stays LOW for at least Xpj). 

AC Test and High-Speed App. Notes 

Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 20 MHz in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to very 
small glitches due to long reflective lines, high capacitances 
and/or poor supply decoupling and grounding. Monolithic 
Memories recommends a monolithic ceramic capacitor of 0.1 nf 
directly between VCC and GND with very short lead length. 
In addition, care must be exercised in how the timing is set up 
and how the parameters are measured. For example, since an 
AND gate function is associated with both the Shift-In-Input- 
Ready combination, as well as the Shift-Out-Output-Ready 
combination, timing measurements may be misleading, i.e., 
rising edge of the Shift- in pulse is not recognized until input 
Ready is HIGH. If Input Ready is not high due to (a) too high a 
frequency, or (b) FIFO being full or effected by Master Reset, the 
Shift- In activity will be ignored. This will affect the device from a 
functional standpoint, and will also cause the “effective” timing 
of Input Data Hold time (T|dh) ^i^cI the next activity of Input 
Ready (T|rl) to be extended relative to shift-in going HIGH. 
This same type of situation occurs with Tqrl ^nd Tqrh 
related to Shift-Out. For high-speed applications, proper 
grounding technique is essential. 
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INPUT READY 





- t|OS 


Figure 1. input Timing 


INPUT READY 


INPUT data 




- 24 ns 


^ 26 ns — 




\ 


■\ 




/ 

' \ 



—/ ’ ^ 

■ 



Figure 2. Typical Waveforms for 15 MHz ShifMn Rate 








input ready 






yzEZ 


input data 


-STABLE DATA- 




Figure 3. The Mechanism of Shifting Data into the FIFO 


® Input Ready HIGH indicatas space is avialabie and a ShifHn pulse may be applied. 

d) Input Data is loaded into the first word. The Data from the first word is released for “fail-through” to second word. 

@ Input Ready goes LOW indicating the first word is full. 

0 Shift-in going LOW allows input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
@ If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 

Note: Shift-In pulses applied while Input Ready is LOW will be ignored {See Figure 5). 
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Figure 4. Data is Shifted in Whenever Shift in and input Ready are Both HiGH 

® FIFO is initially full. 

@ Shift Out pulsed is applied. An empty location starts “bubbling” to the front. 

® Shift In is held HIGH. 

® As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 



Figures. Output Timing 

© The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 

© Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together. 



Figure 6. Waveforms for 15 MHz Shift-Out Data Rate 

© The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and C Data, respectively. 

® Data in the first crosshatched region may be A or B Data. 
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Figure 7. The Mechanism of Shifting Data Out of the FIFO 


® Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 

CD Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 

Output data remains as valid A-Data while Shift-Out is HIGH. 

@ Output Ready goes LOW. 

® Shift-Out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 

® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN . 

■■■ 

V- 


SHIFT OUT / 




OUTPUT READY ! 

^ ^ ■ *PT •‘j 

/ : • ; A 



-topH— — » 



Figure 8. tpT and toPH Specification 

® FIFO initially empty. 

® Shift Out held HIGH. 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 




f77777777/7777777777n7777 

///////////////////////////. 



Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HiGH. 

® Word 63 is empty. 

® Output Ready goes HIGH indicating arrival of the new data. 

® New data (A) arrives at the outputs (word 63). 

® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 

® As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream 
words in the FIFO. 
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® FIFO initially partially full. 


Figure 10. Master Reset Timing 
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8-Bit Dynamic-RAM Driver 
with Three-state Outputs 

SN54/74S730/-1 

SN54/74S734/-1 


Features/ Benefits 

• Provides MOS voltage levels for 16K and 64K DR AMs 

• Undershoot of low-going output is less than -0.5 V 

• Large capacitive drive capability 

• Symmetric rise and fall times due to balanced output 
impedence 

• Glitch-free outputs at power-up and power-down 

• 20-pin SKiNNYDIP®saves space 

• ’S730/734 are exact replacement for the Am2965/66 

• ’S730/734 are pin-compatible with ’S240/244, and can 
replace them in many applications 

• ’S730-1/734-1 have a larger resistor in the output stage for 
better undershoot protection 

• Commercial devices are specified at Vqq ± 10% 

Description 

The ’S730 and ’S734 are buffers that can drive muitipie address 
and control lines of MOS dynamic RAMs. The ’S730 is an 
inverting driver, and the ’S734 is a non-inverting driver. The ’S730 
is pin-compatible with the ’S240 and an exact replacement for 
the Am2965. The ’S734 Is pin-compatible with the ’S244 and an 
exact replacement for the Am2966. 

These devices have been designed with an additional internal 
resistor in the lower output driver transistor circuit, unlike regular 
8-bit buffers. This resistor serves two purposes; it causes a slower 
fall time for a high-to-low transition, and it limits the undershoot 
without the use of an external series resistor. 

Logic Symbols s730(Am2965) 

•S730-1 



Ordering information 


PART 

NUMBER 

PKG 

TEMP 

ENABLE 

POLARITY 

POWER 

SN54S730/-1 

J,W,L 

Mil 

Low 

■ n 

Invert 

s 

SN74S730/-1 

N.J.NL 

Com 

SN54S734/-1 

J,W,L 

Mil 

Low 

Non- 

Invert 

SN74S734/-1 

N,^,NL 

Com 


The ’S730 and ’S734 have been designed to drive the highiy- 
capacitlve Input lines of dynamic RAMs. The drivers provide a 
guaranteed VoM of Vcc-I -15 V, limit undershoot to 0.5 V, and 
exhibit a rise time symmetrical to their fall time by having 
balanced outputs. These features enhance dynamic RAM 
performance. 

For a better-controlled undershoot for lightly capacitive-loaded 
circuits the ’S730-1 and ’S734-1 provide a larger resistor in the 
lower output stage. Also an improved undershoot voltage of 
-0.3 V is provided in the ’S730-1 and ’S734-1 . 

A typical fully-loaded-board dynamic-RAM array consists of 
four ban ks of d ynamic-RAM memory. Each ban k ha s its own 
RAS and CAS, but has identical address lines. The RAS and CAS 
inputs to the array can c ome f rom one driver, reducing the skew 
between the RAS and CAS signals. Also, only one driver is 
needed to drive eight address lines of a dynamic RAM. The 
propagation delays are specified for 50 pF and 500 pF load 
capacitances, and the commercial-range specifications are 

extended to 

All of the drivers are available in 20-pln/DIP and 20-pin PLCC 
packages. 


’S734 (Am2966) 
’S734-1 



SKINNYDIP® is a registered trademarkof Monolithic Memories 

TWX: 910-338-2376 

21 75 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel; (408) 970-9700 TWX: 910-338-2374 
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Function Tables 


’S730/-1 ’S734/-1 

El I E2 1A j 2A [ 1Y 2Y I El | E2 | 1A | 2A j 1Y 2Y ' 

L L L L H H L L L L L L 

L L L H H L L L L H L H 

L L H L L H L L H L H L 

L L H H L L L L H H H H 

L H L X H Z L H L X L Z 

L H H X L Z L H H X H Z 

H L X L Z H H L X L Z L 

H L X H Z L H L X H Z H 

H H X X Z Z H H X X Z Z 
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Absolute Maximum Ratings 

Supply voltage Vqq — . 

Input voltage 

Off-state output voltage 

Storage temperature range 

Output current 


-0.5 V to 7 V 

-1.5Vto7V 

-0.5 Vto+Vcc 

.. -65°Cto+150°C 
200 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

1 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.5 5 5.5 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 

°c 


Eiectricai Characteristics over opeieting condwons 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

VlL* 

Low-level input voltage 


0.8 

0.8 

V 

V|H* 

High-level input voltage 


2 

2 

V 

V|C 

Input clamp voltage 

Vcc=MIN l| = -18mA 

-1.2 

-1.2 

V 

l|L 

Low-level 
input current 

Any A 

Vcc=MAX V| = 0.4V 

-0.2 

-0.2 

mA 

Any E 

-0.4 

-0.4 

l|H 

High-level input current 

VcC=MAX V| = 2.7V 

20 

20 

/uA 

l| 

Maximum input current 

VcC=MAX V| = 7V 

0.1 

0-1 

mA 

Vql 

Low-level output voltage 

Vcc = MIN 

V|L =0.8V 

V|H =2V 

•OL = 1 

0.5 

0.5 

V 

•OL = 12 mA 

0.8 

0.8 

Vqh 

■ 

High-level output voltage 

Vcc = min 

ViL =0.8V 

V|H =2V 

Iqh = -1 mA 

Vcc Vcc 

-1,15 -0.7 

Vcc Vcc 

-1.15 -0.7 

V 

•OZL I 

Off-state output current 

Vcc = max 

V|L =0.8V 

V|H =2V 

Vo = 0.4 V 

-200 

-200 

mA 

'OZH 

Vo = 2.7 V 

100 

100 

mA 

'os 

Output short-circuit current t 

Vcc = max 

-60 -200 

-60 -200 

mA 

>OL 

Output sink current 

Vql = 2.0 V 

’S7XX 

50 

50 

mA 

’S7XX-1 

40 

40 

'oh 

Output source current 

Voh = 2.0V 

-35 

-35 

mA 

'cc 

n 

Supply current 

Outputs 

high 

Vcc = max 

Outputs open 

’S730/-1 

24 50 

24 50 

mA 

’S734/-1 

53 75 

53 75 

Outputs 

low 

’S730/-1 

86 125 

86 125 

’S734/-1 

92 130 

92 130 

Outputs 

disabled 

’S730/-1 

86 125 

86 125 

’S734/-1 

116 150 

116 150 


t Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

* These are absolute voltages with respect to pin 10 on the device and includes all overshoots due to system and/pr test noise. 
Do not attempt to test these values without suitable equipment. 
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Switching Characteristics v^c = s v. = 25°c For the ’S73o and 3734 


SYMBOL 

PARAMETER 

FIGURE 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

¥lh 



Cl = 50pf 

6 

9 

15 


Data to output delay 

1 & 3 

Cl = soopf 

18 

22 

30 


¥hl 


Cl = 50pf 

5 

7 

15 




CL = 500pf 

18 

22 

30 


^PZL 

Output enable delay 

2 & 4 

s =1 


12 

20 

ns 

*P2H 

<M 

il 

ay 


12 

20 

*PLZ 

Output disable delay 

2 &4 

s =1 - n 


11 

20 

ns 

¥hz 

S =2 


6.5 

12 

^SKEW 

Output-to-output skew 

. , .. 1 

1 & 3 ' 

CL^SOpf 

, * 

±0.5 

±3.0 

ns 

VqNP 

Output voltage undershoot 

1 &3 

,,] 

Cl = 50pf 


0 

-0.5 

V 


*The SKEW timing specification is guaranteed by design, but not tested. 


Switching Characteristics over operating Range** For the ’S730 and ’S734 


SYMBOL 

PARAMETER 

FIGURE 

TEST CONDITIONS 

MILITARY tt 

Vqc = 5.0V±10®/o 
MIN TYP MAX 

COMMERCIAL 

Vcc "= 5 ±‘*0% 

MIN TYP MAX 

UNIT 

^PLH 



Cl = 50pf 

4 

20 

4 

17 


Data to output delay 

1 & 3 

CL-SOOpf 

18 

40 

18 

35 

ns 

tPHL 

CL = 50pf 

4 

20 

4 




CL-500pf 

18 

40 

18 

35 


N 

CL 

Output enable delay 

2 & 4 

S - It 

28 

28 

ns 

tpZH 

S - 2t 

28 

28 

¥lz 

Output disable delay 

2&4 

■■ s it ■ 

24 

24 

ns 

tPHZ 

S = 2t 

16 

16 

^ONP 

Output voltage undershoot 

1 &3 

CL = 50pf 

-0.5 

-0.5 

V 


**AC performance over the operating temperature is guaranteed by testing as defined in Group A, Subgroup 9, Mil Std 883B. 
t“S = 1” and “S = 2” refer to the switch setting in Figure 2. 
ff Tq = -55 to + 1 25° C for flatpack versions. 


Switching Characteristics vcc = s v, ta - 25°c For the ’S73o and ’S734 


SYMBOL 

PARAMETER 

FIGURE 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

¥lh 



Cl = 50pf 

6 

9 

15 


Data to output delay 

1 &3 

CL = 500pf 

18 

22 

30 


¥hl 


Cl = 50pf 

5 

7 

15 




Cl = 500pf 

18 

22 

40 


^PZL 

Output enable delay 

2&4 

S =1 


12 

20 

ns 

^PZH 

s =2 


12 

20 

^PLZ 

Output disable delay 

2 & 4 

s -1 


11 

20 

ns 

*PHZ 

S =2 


6.5 

12 

^SKEW 

Output-to-output skew 

1 & 3 

CL = 50pf 

* 

±0.5 

±3.0 

ns 

VONP 

Output voltage undershoot 

1 & 3 

CL = 50pf 


0 

-a3 

V 


*The SKEW timing specification is guaranteed by design, but not tested. 
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Switching Characteristics over operating Range** For the ’S730 and ’S734 


SYMBOL 

PARAMETER 

- J 

FIGURE 

TEST CONDITIONS 

MILITARY tt 
Vcc = 5.0V±10“/o 
MIN TYP MAX 

COMMERCIAL 
Vcc = 5.0V ±10% 
MIN TYP MAX 

UNIT 

*PLH 



Cl = 50pf 

4 

20 

4 

17 


Data to output delay 

1 &3 

Cl = soopf 

18 

40 

18 

35 

ns 

‘PHL 

Cl = 50pf 

4 

20 

4 

17 



Cl = 500pf 

18 

50 

18 

45 


'PZL 

Output enable delay 

2&4 

S = 1t 

28 

28 

ns 

*PZH 

S = 2t 

28 

28 

'PLZ 

Output disable delay 

2 &4 

S = 1t 

24 

24 

ns 

*PHZ 

S = 2t 

16 

16 

VqnP 

Output voltage undershoot 

1 &3 

CL = 50pf 

-0.3 

-0.3 

V 


‘*AC performance over the operating temperature is guaranteed by testing as defined in Group A, Subgroup 9, Mil Std 883B. 
t“S = 1" and “S = 2” refer to the switch setting in Figure 2. 
tt "" '55 to + 125° C for flatpack versions. 


Test Loads 


TEST POINT* o- 



VCC 



* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 

* * tpd specified at CL = 50 and 500pF 


Figure 1. Capacitive Load Switching 


Figure 2. Three-State Enable/Disable 


Moffolllli/c m HHomorlea 
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Typical Switching Characteristics 


VOLTAGE WAVEFORMS 


ENABLE 

INPUT 



tpw = 200ns 

Figure 3. Output Voltage Levels 

Typical Performance Characteristics: 



3.0V 

OV 

-VOH 

OV 

- vcc 

-VOL 


f = 2.5MHz 
tpvy = 800ns 


Figure 4. Three-State Control Levels 



A INDICATE MINIMUM VALUES AT 25°C. 
■ INDICATE MAXIMUM VALUE AT 25° C. 



tpHL-ns 


Figure 5a. tpLH ^OH " 2.7 V vs. Cl> for the ’S730 and ’S734 Figure 6a. tpHL fo** Vql = V vs. Cl, for the ’S730 and ’S734 



■ INDICATE MAXIMUM VALUE AT 25° C. 

Figure 5b. tpLH for Vqh = 2.7 V vs. Cl, for the ’S730-1 Figure 6b. 

and ’S734-1 



*PHL “ 


fPHL foi" Vql = 0-® V vs. Cl, for the ’S730-1 
and ’S734-1 
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Applications 


The ’S730 and ’S734 are 8-bit bipolar dynamic RAM drivers and 
are pin-compatible with the ’S240 and ’S244 respectively. 

The actual circuit conditions that arise for driving dynamic RAM 
memories are as follows: Typi cally, in dy namic RAM arrays 
address lines and control lines, RAS, CAS, and WE have a fair 
amount of “daisy chaining.” The daisy chaining causes an 
inductive effect due to the traces in the printed circuit board; the 
dominant factor in the RAM loading is input capacitance, and 
these two conditions contribute to the actual driver conditions 
shown in Figure 7. The result is a transmission line with 
distributed Inductance and capacitance connected to the driver 
outputs. 


ENABLE 
ADDRESS/ 
CONTROL 


RAM INPUT 
CAPACITANCE 


TRACE INDUCTANCE 




Figure 7. RAM Driver Output To Array 


The transmission line effect can imply reflections, which in turn 
cause ringing, and it takes some time before the output settles 
from the low-to-high transition. On the high-to-iow transition, 
along with ringing, a voltage undershoot can occur, and the 
circuit takes even longer to settle to an acceptable zero level. 
The main cause for the shorter high-to-iow transition as 
compared to the low-to-high transition is the output impedarice 
of typical Schottky drivers. Figure 8, shows a typical Schottky 
driver output stage and Figure 9 shov/s the output impedance 
for high and low output states. 



Figure 8. Typical Schottky Figure 9. Driver 

Driver Output Output Impedance 

In Figure 9 when S=1, the output is high and the driver output 
impedance is approximately 3011. When S-2, the output Is low 
and the driver output impedance is approximately 3(1. There is 
a 10:1 ratio for the output impedances for the low and high 
states. The high-to-low transition causes a problem as the 
output transistor turns on fast due to the low impedance and 
undershoot results at the RAM inputs. 



Figure 10. ’S730 
and ’S734 Output Stage 


Figure 1 1 . Driver Output 
impedence For the ’S730 
and’S734 


The ’S730 and ’S734 have a modification in their output stage, in 
that an internal resistor is added to the lower output stage as 
shown in Figure 10. 

The ’S730-1 and ’S734-1 have a larger resistor, R2, comparted to 
the “non-dash” parts, which give better undershoot protection at 
a slightly slower switching performance. 

The structure in Figure 10 provides a driver output impedence of 
approximately 18 (1 to 25 il in either high (S = 1) or low (S = 2) 
states as shown In Figure 11. In addition, this circuit limits 
undershoot to -0.5 V, essentially eliminating that problem; 
provides a symmetrical rise and fall time; and guarantees output 
levels of VcC"‘l "<5 V needed for MOS High levels. Also, when 
using the ’S730 asnd ’S734, no external resistors are needed. 
’S240-series parts used with external resistors to provide drive 
capability, but the rise times and fail times are unsymmetrical 
due to higher impedance for low-to-high transitions. 

Figure 12 shows the undershoot problem using a ’S240 without 
external resistors and the elimination of the problem by using 
the ’S730. Thus from a dynamic-RAM system-design viewpoint, 
the ’S730 and ’S734 are very effective RAM drivers. 



Figure 12. Comparison of Undershoots and 

An application using these 8-bit drivers to interface address and 
control lines (and data lines) to a dynamic RAM array using 
64K DRAMs is discussed. The signals needed for the controls 
are RAS, CAS, and WE. The address lines are AO- A7 and the 
data lines are shown as the high and low byle. The array Is 
shown in Figure 1 3. It consis ts of four rows of DRAMs; each 
row has individual RAS, CAS, and WE lines. However, all four 
rows have c ommon ad dress lines A0-A7. The RAM capacitiv/e 
loading for RAS, CAS, and WE is about 10 pf per input. The 
loading of the addre ss lines is about 5 to 7 pf per input. The 
loading of the RAS,, CAS; a nd W E, in puts to each row of 
memories is 160 pf. Note that RASj and CASj come from the 
same driver, which reduces timings skews which might arise if 
they were output from separate drivers. The address lines are 
outputs from another driver, and the loading on each line is 320 
pf (5 pf loading times 64 DRAMs). At this point It is worth 
noting that if a 320-pf loading affects performance unduly, then 
the address lines can be split between two drivers with each 
having a load of 160 pf, reducing overall signal delay. 

If an error-detection-and-correction scheme is used, then 
typically the row size expands to 22 bits from the 1 6 bits shown in 
the example. The ’S730 and 'S734 drivers lend themselves to 
such expansion, as their propagation delays are specified at 50 pF 
and also at 500 pF. 
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DATA IN 
HIGH BYTE 


RAS AND CAS 


lllitlll 


WRITE ENABLE 
INPUT(S) 


DATA IN 
LOW BYTE 



DATA OUT 
HIGH BYTE 


’S730/734-1 
RAM DRIVER 


DATA OUT 
LOW BYTE 


ROW/COLUMN ADDRESS 


Figure 13. 256K X 16 Dynamic RAM Array with RAM Drivers 
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Features/ Benefits 

• Supports 16K, 64K, and 2S6K DRAMs 

• Capable of addressing up to 2 M 16-bit words or 2 M bytes 

• On-chip capacitive-load drivers are capable of driving up 
to 88 DRAMs with 30-nsec typical address propagation 
delay and 128 DRAMs with 35-nsec typical address propa- 
gation deiay 

• RASIN to RAS delay of 20 nsec max (RAS driving 22 
DRAMs) 

• Max and Min skews are specified to simplify system design 

• Two CASIN inputs and two CAS outputs simplify byte 
addressing 

• An Auto-Access mode with extended CAS capability takes 
advantage of fuii performance of 120 and 150 nsec DRAMs 

• An output series resistor reduces undershoot 

Modes of Operation 

• Externally Controlled Access (EC A) 

• Auto Access (AA) 

• Refresh 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

673102 

673102A 

48D, 48N, 68NL, 
68NP 

Com 


Pin Configurations 


4y aDto 

4^ RFSH 
4^ RASIN 
4^^0 
^ R^r 
4^ RAS2 
4^ RAS3 

"noo 


i3n PI iPi i33i noi m m 


673102NL 
673102ANL 
68 PIN PLCC 


673102 

673102A 


|67j |68| tJ Ui Hj 

II |0 t) O jr 
« HZ® ® 


M |6I M 111 m 


^ WEIN 
^ C^O 
^ CASINO 
2^ 


PAL® is a registered trademark of Monolithic Memories. 

TWX: 910-338-2376 

21 75 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Block Diagram 



* Indicates that there is a 3-Kft pull-up resistor on these outputs when they are disabled 

Figure 1. 673102 Functional Block Diagram 


Description 

The 673102 is a 48-pin LSI device which performs most of the 
functions needed to control and address Dy namic RAMs. 
Twenty a ddress inputs , nine address outputs, four R AS outputs, 
and two CASIN-CAS input-output pairs allow the 6 73102 to 
directly address 2 M 16 -bit words or bytes. The two GASINn 
Inputs and the two CASn outputs simplify Individual byte access 
in 16-blt wide memory arrays (see Figure 2). 

The 673102 has three operating modes: 

• Externally Controlled Access (EGA) 

• Auto Access (AA) 

• Refresh (RFSH). 

The External ly- Contr ol led-Access mode gives the system direct 
control over the RASm outputs, the CASn outputs, and Row/Co- 
lumn multiplexing. It also supports PAGE mode access. NIBBLE 
mode access, and static column mode access. 

The Auto-Access mode provides on-chi p de lays that automati- 
cally control the ti ming d elays between RASm signals, address 
multiple xing, and CASn signals. In the Auto- Acces s mo de 
CASINOrl Inputs serve as enables for the respective CASO-1 
outputs, allowing the access of either or both bytes of the 


9-12 Monolithic 


memory array (for 16 -bit w ide memory arrays organized in two 
bytes). In this mo de CASO-1 outputs go HIGH only when the 
respective CASINO-1 inputs go HIGH, and the addr ess switc hes 
back to row address only when both CAS INO a nd CAS IN1 go 
HIGH. This feature allows extension of the C ASO or CA S1 LOW 
time and column address time while RASIN and RASm can go 
HIGH to satisfy the precharge requirements of the dynamic 
RAMs. 

When the Refresh mode is selected (RFSH is LO W) an on -chip 
refresh_counter provides the refresh address; with AUTO HIGH 
and R/C LOW the column address is forced onto the address 
output multiplexer, facilitating an access of a particular memory 
location while refreshing a row. This feature may be useful when 
implementing error detection and correction scrubbing. 

The 673102 can drive eight banks of DRAMs. RASm control 
signals are used to select a pair of banks, while leaving the other 
three pairs of banks in standby. The two CASn outputs enable 
the selection of one bank out of the pair. The address lines and 
the WE signal can be connected to al l eigh t banks. In a 16-bit 
wide, byte-oriented, memory array the RASm signals select one 
out of four banks while the CASn signals select the bytes as 
shown in Figure 2. 
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D15 D8 07 DO 



ADDRESS 
4— —00-08 
< WE 

Each RAS output drives 16 DRAMs 
Each CAS output drives 32 DRAMs 
Each QO’8 output drives 64 DRAMs 
WE output drives 64 DRAMs 


Figure 2. 673102 Addressing Four Banks of 16-bit Memory Array Organized in TWo Bytes 


Pin Definitions 

VCC, GND: VCC-GND = 5 V ±10%. The supply pins have been 
assigned to the center of the package to reduce voltage drops, 
both DC and AC. A low-inductance connection between the 
ground pin and a solid ground plane will minimize fluctuations in 
the ground level of the device that may occur when the address 
outputs switch from HIGH to LOW simultaneously. A 1 /xF multi- 
layer ceramic capacitor in parallel with a low-voltage tantalum 
capacitor, both connected close to the VCC and GND pins, will 
properly decouple the device. 

R0-R8: Row Address Inputs 
C0-C8: Column Address Inputs 

B0-B1: Bank-Pair Selec t Inputs — Str obed by ADS. Decoded to 
enable one of the RAS outputs when RASIN goes LOW In the 
access modes. 

Q0-Q8: Multiplexed Address Outputs •— Selected from the row 
address input latch, the column address Input latch, or the 
refresh counter. 

RASIN: Row Address Strobe Input s Dr ives the selected RASm 
output in the access modes and ail RAS outputs In the Refresh 
mode. 

ADS: Address (Latch) Strobe Input Strobes input row 
address, column address and Bank Select inputs into the 
respective latches when HIGH; latches on HIGH-to-LOW 
transition. 

OE: Output Enable — When OE is LOW the address and control 
outputs are enabled. When OE is HIGH the address outputs are 
in high-impedance and the control outputs are pulled HIGH. 

R/C: Row/Column Select Input— In the External ly-Controlled- 
Access mode it Is used to select either the row address input 


latch or the column address input latch onto the address out- 
puts. In the Refresh mode, when AUTO is HIGH, It is used to 
select between the refresh address (R/C HIGH) and the column 
address (R/C LOW). When AUTO is LOW R/C is disabled. 

CASINO-1: Column Address Strobe Inputs In the Exter nal ly- 
Controlled-Access mode the CASINn directly drives CASn out- 
put. In th e Aut o-Access mo de eac h is used to enable the corres- 
ponding CASn output (See CASO-1 description). 

wilN: Write Enable Input. 

WE: Write Enable Output. 

CASO-1: Column Address Str obe O utputs — In the Ext ernally- 
Controlled-Access mode the CAS outputs follow the CASIN 
inputs. In t he Au to-Access m ode th e CASIN inputs are used to 
enable the CAS outputs. The C AS outputs ar e assert ed LOW, 
with proper delay from the RAS output, by the RASIN signal via 
theAu to-Access timing generator. In the Auto-Ac cess mo de, the 
CASn goes HIGH onl y whe n the corresponding C ASINn g oes 
HIGH . Extending the CASn LOW duration while RASIN and 
RASm go HIGH satisfies the precharge requirement of the 
dynamic RAMs. 

RASO-3: Row Address Strobe Outputs — When RFSH is HIGH 
the selected row ad dress s trobe output (decod ed from si gnafl 
BO, B1) follows the RASIN input. When RF SH is LOW all RAS’ 
outputs go LOW together following RASIN going LOW. 

AUTO : Auto-Access Input — When AUTO is LOW and 
RFSH is HIGH the Auto-Access mode is selected (see Auto- 
Access mode description). 

RFSH: Refresh Input — When RFSH is LOW the Refresh 
mode is selected (see Refresh mode description). 
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Externally-Controlled-Access Mode 
(ECA) 

In this mode, selected when AUTO and RFSH are held HIGH, the 
673102 serves as a straightforward multiplexer an d driv er for the 
address and control signals to the DRAMs. The RA Sm output 
selected b y the BO and B1 inputs follows the RAS IN inpu t, and 
each of thj CAS outputs follows its corresponding CASIN input 
When R/C is HIGJH the row address is enabled onto the QO-8 
outputs. When R/C is LOW the column address latch is enabled 
onto 00-8 outputs. 

The RA^ — RAS, CASIN — C>^, and R/C — 00-8 control 
paths are independent to allow the system designer maximum 
flexibility and support of special DRAM acce ss and r efres h modes 
such as NIBBLE mode, PAGE mode, CAS before RAS, etc. 

To allow tighter timing of the sequence of control signals to the 
Dynamic RAM, several difference timing parameters have been 
specified for the Externally Controlled Access mode. These 


parameters specify the maximum difference between the various 
“control channels” of the device. In particular, using switching 
characteristics tdj and tqs is very useful when designing the 
delay from RA SIN goin g LOW to R/C and the delay between R/C 
going LOW to CASIN going LOW (see Applications). 


BANK SELECT (STROBED BY ADS) 



ENABLED ^n 

B1 

BO 

0 

0 

RASO 

0 

1 


1 

0 

^2 

1 

1 



Table 1. Memory Bank Decode 



Figure 3. Externally-Controlled-Access— RASIN-to^RAS Timing 


Note: To prevent glitches on the RASO-3 outputs, operating conditions tgiSH O'" ^ADHAR ^i^ust be satisfied. 
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AUTO 


tAUHRC 


'AUSRC 


RCHC 


ROW 


COLUMN 


Figure 5. Externaily-Controileci-Access R/C Timing 


Note: tpcQ will be met only if the column address Is available t/i^pp before it appears on QO-8 outputs or if it is latched by ADS. 
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Auto- Access Mode (A A) 

In the Auto-Access mode the 673102 provides the system 
designer with built-in delays and sequencing to accommodate 
DR AMs with 150 nanoseconds and faster access time. The 
Auto-A ccess mode is sele£ted when AUTO is h eld LOW and 
RFSH is held HIGH. The R/C input is disabled, and RASIN going 
LOW initiates the seq uence of control signals to access the 
DRAMs. The C ASINO-1 inputs are used a s enables for the 
respective CAS outputs. A LOW on a CASINn input enables the 


CASn outp ut to be dr iven LOW with the internally generated 
delay from R AS . Each C ASn output goes HIGH only when the 
corresponding CASINn input goes HIGH, and the ad dress 
switche s back to row address only when both CA SINO and 
CASIN1 go HIGH. This feature allows extension of theCASO or 
CAS 1 LOW time and the column address time, while RASIN and 
RASm can go HIGH to ^satisfy precharge requirements of the 
dynamic RAMs. The R/C input is disabled in this mode. 



Figure 6. Auto-Access (AA) Timing 
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Ref r«sh Mode (RFSH) 

When RFSH is held LOW the refresh counter contents _are 
enabled onto t he QO- 8 address outputs, provided either R/C is 
held HIGH, or AU TO is held LOW, or both condit ions exist. In 
this mode all four RAS outputs follow the RASIN Input signal. 
The ref re sh coun ter increments the refresh address when either 
RASIN or R FSH go es HIGH while the other is L OW W hen AUTO 
is LOW the CASI N0~1 inp uts are isolated and CASO-1 are held 
HIGH. Also, when AUTO is LOW the R/C input is isolated from 
the output multiplexer, and the refresh address appears at the 
00-8 outputs. 

When AUTO is HIGH, pulling R/C LOW enable s the column 
address onto the QO-8 out puts. Al so, each of the CAS outputs 
follows its corresponding CASIN input. This feature may be 


used when implementing error correction and detection “scrub- 
bing” for two-bank memory array. “Scrubbing” is a term describ- 
ing the cyclic error correction Of soft errors in the memory array, 
done within the refresh cycles. On every refresh cycle one loca- 
tion of the memory array is accessed, and the data in that 
location goes, if necessary, through a correction cycle (a read- 
modify-write memory cycle). The 673102 provides the facilities 
to force a colum n address onto the QO-8 address outputs and to 
assert the CASO-1 outputs within a refresh cycle to allow scrub- 
bing. A column counter and a bank counter must be added 
externally to provide the column addresses for scrubbing. 

The refresh counter is a 9-bit counter that resets to 0 on power- 
up and rolls over to 0 at 51 1 . 


AUTO 


R/C 


RFSH 


Q0-Q8 


RASIN 


RASO-3 



Figure?. Refresh Timing 


Note: In the REFRESH mode, AUTO must be LOW or R/C must be HIGH to guarantee the refresh address on the QO-8 outputs. 


MonoHihia 
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Electrical Characteristics vcc = s v ± 10 %, o°c < ta < 75°c. lypicais are tor vcc = s v, ta = 2s°c 


SYMBOL 

PARAMETER 

CONDITIONS 

FIGURE/ 

NUMBER 

MIN TYP MAX 

UNIT 

Vie 

Input clamp voltage 

l|N = -18mA, Vcc = min 


-0.8 -1.2 

V 

l|H 

Input high current 

V|N = 2.7 V, Vcc = max 


50 

JuA 

•CTL 

Output load current for RAS, CAS, WE 

VOUT = 0.4 V, Vcc = max 
C hip deselect 


-1.5 -2.5 

mA 

i|L 

Input low current except for RFSH 

V|N = 0.4 V, Vcc = max 


-20 -250 

mA 

IlLRF 

Input low current for RFSH 

V|N = 0.4 V, Vcc = max 


-80 -500 

mA 

V(L 

Input low threshold (Note 1) 



0.8 

V 

V|H 

Input high threshold (Note 1) 



2.0 

V 

VOLI 

Output low voltage 

•out “ 1 nriA, Vec " MIN 


0.5 

V 

VoL2 

Output low voltage 

•out = '•2 mA, Vcc ^ MIN 


0.8 

V 

VOH 

Output high voltage 

•gut Vcc “ min 


2.4 

3.0 

V 

'OH 

Output source current (Note 2) 

VOUT = 0.8 V, Vcc = min 


-50 

-140 

mA 

IGL 

Output sink current (Note 2) 

vout = 2.4 V, Vcc = min 


40 

100 

mA 

JQZ 

Three-state output current (address output) 

0.4 V<VoutS 2,7 V 

Vcc “ MAX, Chip deselect 


-50 

50 

uA 

•cc 

Supply current 

Vcc = max i 


150 240 

mA 

C|N 

Input capacitance 

Ta = 25°C 


10 

PF 


Switching Characteristics (See Note s) 


SYMBOL 

EXTERNALLY CONTROLLED ACCESS PARAMETER 

FIGURE/ 

NUMBER 

6731 02A 

MIN TYP MAX 

673102 

MIN TYP MAX 

UNIT 

tRHA 

Row addresses remaining valid from R/C LOW 

5/3 

0 

0 

ns 

tRPDL 

RASIN to RAS LOW delay 

3/11 

20 

20 

ns 

tRPDH 

RASIN to RAS HIGH delay 

3/12 

31 

31 

ns 

tAPD 

Address input to output delay 

9/2 

50 

50 

ns 

tWPDL 

WEI N to WE LOW delay 


45 

45 

ns 

tWPDH 

WEIN to WE HIGH delay 


40 

40 

ns 

*CPDL 

CASIN to CAS LOW delay 

4/3 

28 

28 

ns 

tCPDH 

CASIN to CAS HIGH delay 

4/4 

40 

40 

ns 

tRCC 

Column select to column address valid 

5/5 

41 

41 

ns 

tRCR 

Row select to row address valid 

5/6 

45 1 

45 

ns 

td1 

(CASIN to CAS LOW delay)-(RASIN to RAS LOW delay) 


-2 

13 

-2 

13 

ns 

td2 

(Address input to output delay)-(RASIN to RAS LOW delay) 1 


30 

30 

ns 

td3 

(Address input to output delay)-(GASIN to CAS LOW delay) ! 


-5 

23 

-5 

23 

ns 

td4 

Skew between address output lines 


10 

10 

ns 

td5 

(RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) 


-7 

13 

-7 

13 

ns 

td6 

(CASIN to CAS HIGH delay)-(CASIN to CAS LOW delay) 


-12 

12 

-12 

12 

ns 

tSPD 

ADS HIGH to address output valid 

9/1 

55 

55 

ns 

tRCHC 

Column addresses remaining valid from R/C HIGH 

5/4 

0 

0 

ns 

td7 

tRPDL -tRHA 


13 

13 

ns 

td8 

tRCC-tCPDL 


20 

20 

ns 


Mono/Uhio UunU MemoriBS 
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Switching Characteristics (Continued) 


SYMBOL 

AUTO ACCESS PARAMETER 

FIGURE/ 

NUMBER 

673102A 

MIN TYP MAX 

673102 

MIN TYP MAX 

UNIT 

tRICL 

RASIN to CAS LOW delay 

6/20 

75 

85 

ns 

tRCDL 

RAS to CAS LOW delay 

6/23 

30 

65 

30 

75 

ns 

tRPDL 

RASIN to RAS LOW delay 

6/13 

20 

20 

ns 

tRPDH 

RASIN to RAS HIGH delay 

6/14 

31 

31 

ns 

tAPD 

Address input to output delay 

6/16 

50 

50 

ns 

twPDL 

WEIN to^ LOW delay 


45 

45 

ns 

tWPDH 

WEINtoWEHIGH delay 


40 

40 

ns 

tCPDH 

CASIN to CAS HIGH delay 

6/22 

40 

40 

ns 

tRAH 

Row address hold time from RAS LOW 

6/17 

15 

15 

ns 

tcl2 

(Address input to output delay)-(RASIN to RAS LOW delay) 


30 

30 

ns 

tSPD 

ADS HIGH to address output valid 

6/19 

55 

55 

ns 

tASC 

Column address setup to CAS LOW 

6/21 

0 

0 

ns 

tCAHC 

Column address remaining valid from CASINO-1 HIGH 

6/18 

5 

5 

ns 

‘ASR 

Row address valid before RAS LOW 

6/24 

0 

0 

ns 

td5 

(RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) 


-7 

13 

-7 


ns 


REFRESH PARAMETER 





tRFLCT 

RFSH LOW to refresh address valid 
(AUTO LOW or R/C HIGH) 

7/5 

40 

40 

ns 

tRFPDL 

RASIN LOW to RAS LOW delay during refresh 

7/11 

23 

23 

ns 

tRFPDH 

RASIN HIGH to RAS HIGH delay during refresh 

7/12 

38 

38 

ns 

tRFAH 

Refresh address held from RASIN HIGH (RFSH LOW) 

7/7 

0 

0 

ns 

tRHNC 

RASIN HIGH to new refresh address valid 

7/9 

66 

66 

ns 

tRFAHR 

Refresh address held from RFSH HIGH 

7/6 

0 

0 

ns 

tRFS 

Refresh address valid to RAS LOW 
(provided tppQS 's satisfied) 

7/13 

0 

0 

ns 

tRFRDH 

RFSH HIGH to RAS HIGH (for 3 banks, RASIN = LOW) 

7/15 

40 

40 

ns 

td9 

(RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) 


-9 

16 

-9 

16 

ns 


THREE-STATE PARAMETER 





mm 

OE LOW to address output LOW 

10/1 


45 

ns 

tAZH 

OE" LOW to address output HIGH 

10/2 

60 

60 

ns 

tALZ 

OE HIGH to address output Hl-Z from LOW 

10/3 

35 

35 

ns 

tAHZ 

OE’HIGH to address output Hl-Z from HIGH 

10/4 

25 

25 

ns 

tCTZL 

OE LOW to control output LOW 

10/5 

40 

40 

ns 

tCTZH 

^ LOW to control output HIGH 

10/6 

50 

50 

ns 

tCTLZ 

OE HIGH to control output Hl-Z from LOW 

10/7 

30 

30 

ns 

tCTHZ 

OEHIGH to control output Hl-Z from HIGH 

10/8 

25 

25 

ns 


Note 1 : These are absolute voltage levels with respect to the ground pins on the device and includes all overshoots due to system or tester noise. 
Do not attempt to test these values without suitable equipment. 

Note 2; This test is provided as a monitor of driver output source and sink current capability. Caution should be exercised in testing this parameter. 

One output should be tested at a time and test duration should not exceed one second. 

Note 3: Output load capacitance is typical for fo ur banks of 22 DRAMs with trac e capa citance. 

The values are: QO-8 Cl = 500 pF, RASO-3 Cl = 150 pF, WE Ci_ = 500 pF. CASO-1 Cl = 300 pF. 
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Absolute Maximum Ratings (See Note) 

Supply voltage. Vcc • • • • • * • • -0.5 V to 7 V 

Storage temperature range -66® C to +1 50® C 

Input voltage — — -1 .5 V to 5.5 V 

Output current 150mA 

Lead temperature (soldering, 1 0 seconds) — 300° C 


Note: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The table of operating conditions provides conditions for actual device operation. 


Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE/ 

NUMBER 

673102A 
MINTYP MAX 

673102 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 


4.5 5.5 

4.5 

5.5 

V 

Ta 

Ambient temperature 


0 75 

0 

75 

c 

tASA 

Address setup time to ADS LOW 

8/1 

18 

18 

ns 

tADS 

Address strobe pulse width HIGH 

. 

■ . 

26 

26 

ns 

tAHA 

Address hold time from ADS LOW 

8/2 

10 

10 

ns 


EXTERNALLY CONTROLLED ACCESS PARAMETER 

L ^ 




Udhar 



0 

-0 

ns 

tBSR 




10 

ns 

<BSH 



10 

10 

ns 

tSSR 

Address strobe HIGH setup to RASIN LOW (BO, B1 STABLE) 

3/10 

20 


ns 

tAUHE 

AUTO hold from RASIN HIGH 

3/4 

65 

55 

ns 

tAUSRC 

AUTO HIGH setup to R/C LOW 

5/1 

25 

25 

ns 

> 

c 

I 

13 

O 

MjTO HIGH hold from R/C HIGH 

5/2 

10 

10 

ns 

tAUSCA 

AUTO HIGH setup to CASIN LOW 

4/1 

45 

45 

ns 

tAUHCA 

AUTO HIGH hold from CASIN HIGH 

4/2 

0 

0 

ns 

*AUS 

AUTO setup to RASIN LOW 

: m 

0 

0 

ns 

tRFSR 

RFSH HIGH setup to RASIN LOW (to guarantee tASR) 

3/1 

10 

10 

ns 

tRFHR 

RFSH HIGH hold from RASIN HIGH 

3/2 

10 


ns 


AUTOMATIC ACCESS PARAMETER 





tADHAR 

ADS LOW hold from RASIN HIGH 

3/7 

0 

0 

ns 

‘BSR 

Bank select setup to RASIN LOW (ADS == HIGH) 

6/12 

10 

10 

ns 

iBSH 

Bank select hold from RASIN HIGH (ADS = HIGH) 

3/9 

10 

10 

ns 

tASRL 

Address setup to RASliSI LOW (ADS = HIGH) 

(USRL = kl2 max to guarantee tASR) 

6/4 

30 

30 

ns 

‘AUS 

AUTO setup to RASIN LOW 

6/5 

0 

0 

ns 

tRFSR 

RFSH HIGH setup to RASIN LOW (to guarantee tASR) 

6/6 

10 

10 

.. 

ns 

tSSR 

Address strobe HIGH to RASIN LOW (BO, B1 STABLE) 

6/7 

20 

.. . 

ns 

tCASR 

CASINO-1 setup to RASIN LOW 

6/8 

-30 

-30 

ns 

tAUH 

AUTO hold from RASIN HIGH 

6/9 

50 

50 

ns 

tAUCH 

AUTO LOW hold from CASIN HIGH 

6/10 

0 

0 

ns 

■ 

REFRESH PARAMETER 





tAUHRF 

AUTO LOW hold from RFSH HIGH (R/C LOW) 

7/1 

10 

10 

ns 

tRCSRF 

R/C HIGH setup to RFSH LOW (ADtO HIGH) 

7/2 

20 

20 

ns 

tAUSRF 

AUTO LOW setup to RFSH LOW (R/C LOW) 

7/3 

20 

20 

ns 

tRCHRF 

R/C HIGH hold from RFSH HIGH (AUTO HIGH) 

7/4 

10 

10 

ns 

tRFH 

RASIN HIGH during refresh 

7/10 

30 

30 

ns 

tRFQS 

RFSH LOW setup to RASIN LOW (to guarantee tpps) 

7/14 

30 

30 

ns 


MoftolH'lilcOiM.l/lffemorfes 6-21 

















-500 -300 -100 0 100 300 500 

, AC-pF 


Change {n Propagation Delays vs. Change In Loading 
Capacitance Relative to the Specified Load 


Address Outputs 


TEST 

■ 

S1 

S2 

CL 

MEASURED AT 

•PD 

Open 

Closed 

500 pF 


BM 

Closed 

Closed 


2.4 V 

ESH 

Open 

Closed 

15 pF 

VGH-0.5V 

mm 

Closed 








Vol+0.5 V 


Address Driver 
Output Stage 


vcc 



673102A 


6731 02 Test Loads (See Note) 


VCC 



Note: Input pulse 0 V to 3.0 V, tp = tp = 2.5 ns, f = 1 MHz, tpw “ 200 ns. 
Input reference point on AC measurements is 1 .5 V. 

Output reference points are 2.4 V for HIGH and 0.8 V for LOW. 


Control Outputs 


TEST 

SI 

S2 

CL ■ 

MEASURED AT 



Closed 





Closed 

CL 

2.4 V 



Closed 


VOH-0.5V 


Open 

i Open 


0.8 V 

ESSH 

Open 

Open 

15 pF 

VoL ^ 


Where CL= 150 pF for R AS, 300 pF for CAS, and 500 pFforWE; 


Control Driver 
Output Stage 


vcc 
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Applications 

Microprocessor Interface 

The 673102 Dynamic RAM Controller provides the address and 
control signals required to access and refresh dynamic RAMs. 
When interfaced to a 1 6-bit microprocessor, some external logic 
is required to generate a refresh clock as well as to perform 
access/refresh arbitration and interface handshake functions. 
Two PAL® devices may be used to perform these functions, as 


shown in Figure 1. One PAL device is used to generate the 
refresh clock, while the other performs all arbitration and hand- 
shake functions. A hidden refresh (refresh which is transparent 
to the system) scheme is implemented in the interface PAL 
device which takes advantage of “free” system time to refresh 
the memory, and falls back to “forced” refresh when hidden 
refresh cannot be performed. 



Figure 1. A CPU Interfaced to the 673102 Driving 2 M Bytes of Dynamic Memory 
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Determining System Performance 
(Auto-Access) 

When determining system performance the dynamic RAM ever results in the late r app eara nce o f Data at the dynamic 

parameters must be considered as well as the controller’s prop- RAM output. Since the R AS and CAS coming out of the con> 

agatlon delays. For both read and write cycles the acces s time troller are initiated by the RA SIN, the controller-memory per- 

for the dynamic RAM is tpAC ac cess t ime from RAS going formance is measured from the RASIN HIGH-to-LOW transition 

LOW) or tcAC (Data access time from GAS going LOW), which" (See Figure 2). 
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The time from RASIN to data is calculated to be the longer of: 
^RICL ^CAC (f^ASIN to CAS + CAS to data) 

^RPDL ^ ^RAC ^ 

Table 1 illustrates the access times from RASIM achieved for 
various dynamic RAM speeds. 


CONTROLLER/MEMORY 

PARAMETER 

‘RAC 

tRPDL 

*CAC 

‘RICL 

ACCESS TiME FROM RASIN 

673102/HM256-12 

120 

20 

60 

85 

145 

673102A/HM256-12 

120 

20 

60 

75 

140 

673102/HM256-15 

150 

20 

75 

85 

170 

673102A/HM256-15 

150 

20 

75 

75 

170 

673102/MB8265A-10 

100 

20 

50 

85 

135 

673102A/MB8265A-10 

100 

20 

50 

75 

125 

673102/MB8265A-t2 

120 

20 

60 

85 

145 

673102A/MB8266A-12 

120 

20 

60 

75 

140 

673102/IMS2620-10 

100 

20 

60 i 

55 

145 

673102A/IMS2620-10 

100 

20 

60 ! 

75 

135 

673102/IMS2620-12 

120 

20 

70 

85 

155 

673102A/IMS2620-12 

120 

20 

70 1 

75 

145 


Tabte 1. Access Times from RASIN for Various Memory Sp^ds 


673102 Parameters DRAM Parameters 

tRPDL — RASIN LOW to RAS LOW delay tp/^Q -- Access time from RAS LOW 

fRICL “ RASIN TO CAS LOW delay tQ^Q — Access time from CAS LOW 


Monolithic (HJR 3 Memories 
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Using the Externally Controlled Access 

In the E xterna lly Controlled Access mode R AS IN con trols the 
selected RAS output, and th^CASINO, 1 inputs control CASO, 1 
outputs respectively. The R/C input controls the address multi- 
plexer. The system designer may create, using the RASIN, CASIN 
and R/C inputs, the required control signal sequence for the 
specific system being designed. Special dynamic RAM access 


modes such as Nibble mode. Page mode, and static column 
mode access cycles may be performed simply by toggling the 
appropriate control inputs. Special skew tirning specifications 
have been specified to allow tighter timing control as outlined 
in the following examples. Both following examples relate to the 
scheme depicted in Figure 3. 



Figure 3. The 673102 in the Externaliy*Controlled Access Mode 
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Externally Control!^ Access (EGA) 

(Continued) 

Example 1: Computing RASIN to R/C Delay 

The delay between RASIN going LOW to R/C going LOW 
(tRASINRC) which is required in order to satisfy the dynamic 
RAMs’ row address hold time (tpAH) is computed as follows: 

tRASINRC = tRAH(min) + td7 
Where: 

tRAH(*^i*^) ” address hold time (dynamic RAM 
parameter) 

td7(max) = tRpDL-tRHA 

*RPDL — RASIN to RAS LOW delay 

tRHA “ Row address held valid from R/C LOW 


Example 2: Computing R/C to CASIN Delay 

The delay between R/C going LOW and CASIN going LOW 
(tRCCASiN) which is required in order to satisfy the dynamic 
RAMs’ column address setup (tASC) is computed as follows: 

tRCCASIN = tASC(min) + td8 + tpDF32(max) 

Where: 

tASC(^io) ~~ Column address setup (dynamic RAM 
parameter) 

td8(max) = tRcc-tcPDL 

tRcc ~ R/C low to column address valid 
tQpDL CASIN to CAS LOW delay 

tpnF32(max) — Propag ation de lay of the OR gate used to 
validate CASIN 

Better system performance may be achieved using the td7, td8 
switching parameters to calculate tpASINRC and tpcCASIN 
than when using the tRPDL. tRCDL. i^RCC and tRHA parameters 
(see td 7 , td8 in Externally Controlled Access switching 
parameters). 


RASIN 


R/C 


CASIN 


RAS 


Q0-Q8 
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Features/ Benefits 

• Supports up to 1 M DRAMS 

• Capable of addressing up to 8 M 16-bit words or 8 M bytes 

• On-chip capacitive-load drivers capable of driving up to 88 
DRAMS with 30-nsec typical address propagation delay and 
1 28 DR AMs with 35-nsec typical address propagation delay 

• RASiN to RAS delay of 20 nsec max (RAS driving 22 
DRAMS) 

• Max and Min skews are specified to simplify system design 

• IWo CASIN inputs and two CAS outputs simplify byte 
addressing 

• An Auto-Access mode with extended CAS capability takes 
advantage of full performance of 120 and 150 nsec DRAMs 

• An output series resistor reduces undershoot 

Modes of Operation 

• Refresh 

• Auto Access (AA) 

• Externally Controlled Access (ECA) 


II II li I li I ^ ^ y 'i S ^ S £ S £ 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

673103 

52D, 68NL, 68NP 

Com 

6731 03A 


Pin Configurations 




PAL<^ Is a registered trademark of Monolithic Memories. 

TWX; 910-338-2376 

21 75 Mission College Bivd. Santa Ciar^, C A 95054-1592 Te!: (408) 970-9700 tWX: 91 0-338-2374 MWlGntOnGS 
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Switching Characteristics (Continued) 


SYMBOL 

AUTO ACCESS PARAMETER 

FIGURE/ 

NUMBER 

673103A 

MIN TYPMAX 

673103 

MIN TYP MAX 

UNIT 

tRICL 

RASIN to CAS LOW delay 

6/20 

75 

85 

ns 

tRCDL 

^ to ^ LOW delay 

6/23 

30 

65 

30 

75 

ns 

tRPDL 

FIASIN to RAS LOW delay 

6/13 

20 

20 

ns 

tRPDH 

RASIN to RAS HIGH delay 

6/14 

31 

31 

ns 

tAPD 

Address input to output delay 

6/16 

50 

50 

ns 

tWPDL 

WEIN to WE LOW delay 


45 

45 

ns 

tWPDH 

WEIN to WE HIGH delay 


40 

40 

ns 

tCPDH 

CASIN to CAS HIGH delay 

6/22 

40 

40 

ns 

‘RAH 

Row address hold time from RAS LOW 

6/17 

15 

15 

ns 

td2 

(Address input to output delay)-(RASIN to RAS LOW delay) 


30 

30 

ns 

tSPD 

ADS H 1 G H to add ress output val id 

6/19 

55 

55 

ns 

‘ASC 

Column address setup to CAS LOW 

6/21 

0 

0 

5 

ns 

tCAHC 

Column address remaining valid from CASINO-1 HIGH 

6/18 

5 

5 

ns 

‘ASR 

Row address valid before RAS LOW 

6/24 

0 

0 

ns 

td5 

(RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) 



13 


13 

ns 


REFRESH PARAMETER 





‘RFLCT 

RFSH LOW to refresh address valid 
(AUTO LOW or R/C HIGH) 

7/5 

40 

40 

ns 

tRFPDL 

RASIN LOW to RAS LOW delay during refresh 

7/11 

23 

23 

ns 

tRFPDH 

RASIN HIGH to RAS HIGH delay during refresh 

7/12 

38 

38 

ns 

tRFAH 

Refresh address held from RASIN HIGH (RFSH LOW) 

7/7 

0 

0 

ns 

‘RHNC 

RASIN HIGH to new refresh address valid 

7/9 

66 

66 

ns 

‘RFAHR 

Refresh address held from RFSH HIGH 

7/6 

0 

0 

ns 

‘RFS 

Refresh address valid to RAS LOW 
(provided tppQS is satisfied) 

7/13 

0 

0 

ns 

tRFRDH 

RFSH HIGH to RAS HIGH (for 3 banks, RASIN = LOW) 

7/15 

40 

40 

ns 

td9 

(RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) 


-9 

16 

-9 

16 

ns 


THREE-STATE PARAMETER 





tAZL 

OE LOW to address output LOW 

10/1 

45 

45 

ns 

‘AZH 

OE LOW to address output HIGH 

10/2 

60 

60 

ns 

‘ALZ 

OE HIGH to address output Hl-Z from LOW 

10/3 

35 

35 

ns 

‘AHZ 

OE HIGH to address output Hl-Z from HIGH 

10/4 

25 

25 

ns 

‘CTZL 

OE LOW to control output LOW 

10/5 

40 

40 

ns 

‘CTZH 

^ LOW to control output HIGH 

10/6 

50 

50 

ns 

‘CTLZ 

OE HIGH to control output Hl-Z from LOW 

10/7 

30 

30 

ns 

‘CTHZ 

OE HIGH to control output Hl-Z from HIGH 

10/8 

25 

25 

ns 


Note 1: These are absolute voltage levels with respect to the ground pins on the device and includes all overshoots due to system or tester noise. 
Do not attempt to test these values without suitable equipment. 

Note 2: This test is provided as a monitor of driver output source and sink current capability. Caution should be exercised in testing this parameter. 

One output should be tested at a time and test duration should not exceed one second. 

Note 3: Output load capacitance is typical for f our banks of 22 DRAMs with trac e capa citance. 

The values are: 00-8 Cl = 500 pF, RASO-3 Cl = 150 pF, WE Cl = 500 pF, CASO-1 Cl = 300 pF. 
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Block Diagram 



Figure 1. 673103 Functional Block Diagram 


Description 

The 673103 is an LSI device, provided in 52~pin and 68-pin 
packages, which performs most of the functions needed to 
control and address Dynamic RAMs. Twenty-two ad dress inputs, 
ten address outputs, four RAS outputs, and two CASIN-CAS 
input-output pairs allo w the 67 3103 to directfy ad dress 8 M 16-bit 
words or bytes. The CASINn inputs and the CASn outputs 
simplify individual byte access in 16-bit wide memory arrays 
(see Figure 2). 

The 673103 has three operating modes: 

• Externally Controlled Access (EGA) 

• Auto Access (AA) 

• Refresh (RFSH). 

The External ly- Cont rolled-Access mode gives the system direct 
control over the RASm outputs, the CASn outputs, and Row/Co- 
lumn multiplexing. It also supports PAGE mode access, NIBBLE 
mode access, and static column mode access. 

The Auto-Access mode provides on-ch ip de lays that automati- 
cally control the ti ming d elays between RASm signals, address 
multiple xing, and CASn signals. In the Auto-Acces s mo de 
CASINO-1 inputs serve as enables for the respective CASO-1 


outputs, allowing the access of any byte of the memory array 
(for 16 -bit w ide memory arrays organized in two bytes). In this 
mode CASO-1 outputs go HIGH only when the respective 
CASINO-T inputs go HIGH, and the address switches back to 
row address only when both CASINO-1 go HIGH. This feature 
allows ext ension o f th e CAS LOW time, and column address 
time while RASIN and RASm can go HIGH to satisfy the pre- 
charge requirements of the dynamic RAMs. 

When the Refresh mode is selected (RFSH Is LO W) an on -chip 
refresiTcounter provides the refresh address; with AUTO HIGH 
and R/C LOW the column address is forced onto the address 
output multiplexer, facilitating an accessof a particular memory 
location while refreshing a row. This feature may be useful when 
implementing error detection and correction scrubbing. 

The 673103 can drive eight banks of DRAMs. RASm control 
signals are used to select a pair of banks, while leaving the other 
banks in standby. The two CASn outputs enable^e selection of 
one bank out of two. The address lines and the WE signal can be 
connected to all ei ght b anks. In a 16-bit wide, byte-oriented, 
memory array the RASm signals select the banks while the 
CASn signals select the bytes, as shown in Figure 2. 
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D15 D8 D7 DO 



ADDRESS 

Q0-Q9 

4— WE 

Each RAS output drives 16 DRAMs 
Each CAS output drives 32 DRAMs 
Each QO-9 output drives 64 DRAMs 
WE output drives 64 DRAMs 


Figure 2. 673103 Addressing Four Banks of 16-bit Memory Array Organized in Two Bytes 


Pin Definitions 

VCC, GND: VCC-GND = 5 V ±10%. The supply pins have been 
assigned to the center of the package to reduce voltage drops, 
both DC and AC. A low-inductance connection between the 
ground pin and a solid ground plane will minimize fluctuations in 
the ground level of the device that may occur when the address 
outputs switch from HIGH to LOW simultaneously. A 1-)uF multi- 
layer ceramic capacitor in parallel with a low-voltage tantalum 
capacitor, both connected close to the VCC and GND pins, will 
properly decouple the device. 

R0-R9: Row Address Inputs 
Cp-C9: Column Address Inputs 

B0-B1 : Bank-Pair Selec t Inputs — Str obed by ADS. Decoded to 
enable one of the RAS outputs when RASIN goes LOW in the 
access modes. 

Q0-Q9: Multiplexed Address Outputs — Selected from the row 
address input latch, the column address Input latch, or the 
refresh counter. 

RASIN: Row Address Strobe Input — Dri ves the selected RASm 
output in the access modes, and all RAS outputs in the Refresh 
mode. 

ADS: Address (Latch) Strobe Input — Strobes input row 
address, column address, and Bank Select inputs into the 
respective latches when HIGH; latches on HiGH-to-LOW 
transition. 

OE: Output Enable — When OE is LOW the address and coritrol 
outputs are enabled. When OE Is HIGH the address outputs are 
in high-impedance and the control outputs are pulled HIGH. 

R/C: Row/Column Select Input — In the External ly-Controlled- 
Access mode. It Is used to select either the royy address input 


latch or the column address inpu t latch onto the address out- 
puts. In the Refresh mode, when AUTO is HIGH, it is used to 
select betw^n the refresh address (R/C HIGH) and the column 
address (R/C LOW). When AUTO is LOW R/C is disabled. 

CASINO-1 : Column Address Strobe I nputs — I n the Exte rnal ly - 
Controlled-Access mode, the CASINn directly drives the CASn 
output. I n the Auto- Access mode , it is used to enable the corres- 
ponding CASn output (See CASO-1 description). 

WEIN: Write Enable Input. 

WE: Write Enable Output. 

CASO-1: Column Address Str obe O utputs — In the Ext ernal ly- 
Controlled-Access mode the CAS outputs follow the CASIN 
inputs. In t he Au to-Access m ode th e CASIN inputs are used to 
enable the CAS outputs. The C AS outputs ar e asser ted LOW, 
with proper delay from the RAS output, by the RASIN signal via 
the A uto-Access timing generator. In the Auto-Ac cess mod e, the 
CASn goes HIGH onl y whe n the corresponding C ASINn g oes 
HIGH . Extending the CASn LOW duration while RASIN and 
RASm go HIGH to satisfy precharge requirements of the 
dynamic RAMs. 

RASO-3: Row Address Strobe Outputs — When RFSH is HIGH 
the selected row ad dress st robe output (decod ed from si gnals 
BO, B1) follows the RASIN input. W hen RF SH is LOW all RAS 
outputs go LOW together following RASIN going LOW. 

AUTO : Auto-Access Input — When AUTO is LOW and 

RFSH is HIGH the Auto-Access mode is selected (see Auto- 
Access mode description). 

RFSH: Refresh Input — When RFSH is LOW the Refresh 
mode is selected (see Refresh mode description). 
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Externally-Controlied-Access Mode 
(ECA) __ 

In this mode, selected when AUTO and RFSH are held HIGH, the 
6731 03 serves as a straightforward multiplexer an d driv er for the 
address and control signals to the DRAMs. The RA Sm output 
selected b y the BO and B1 inputs follows the RAS IN inpu t, and 
each of the CAS outputs follows its corresponding CASIN input. 
When R/C is HIGJH the row address is enabled onto the QO-9 
outputs. When R/C is LOW the column address latch is enabled 
onto QO-9 outputs. 

The RASIN -- RAS, CASIN — C^, and R/C — QO-9 control 
paths are independent to allow the system designer maximum 
flexibility and support of special DRAM ac cess and r efresh 
modes such as NIBBLE mode, PAGE mode, CAS before RAS, 
etc. 

To allow tighter timing of the sequence of control signals to the 
Dynamic RAM, several difference timing parameters have been 
specified for the Externally Controlled Access mode. These 


parameters specify the maximum difference between the various 
“control channels” of the device. In particular, using switching 
characteri stics tq y and tqs is very useful when designing the 
delay from RA SIN goin g LOW to R/C and the delay between R/C 
going LOW to CASIN going LOW (see Applications). 



Table 1. Memory Bank Decode 



Figure 3. Externaliy Controlled Access— RASIN-to-RAS Timing 


Note: To prevent glitches on the RASO-3 outputs, operating conditions tg3}-| or satisfied. 
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Figured, Externally Controlled Access-CASIN to CAS Timing 



Figure 5. Externally Controlled Access R/C Timing 


Note: tRcc will be met only if tbe column address is available t^pQ before it appears on QO-9 outputs or if it is latched by ADS. 
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Auto*Access Mode (AA) 

In the Auto- Access mode the 673103 provides the system 
designer with built-in delays and sequencing to accommodate 
DRAMS with 150 nanoseconds and faster access time. The 
Auto-A ccess mode is selected ^hen AUTO is held LO W and 
RFSH pin Is held HIGH. The R/C input is disabled, and RASIN 
goes LOW initiati ng the sequence of control signals to access 
the PRAM s. Th e GAS I NO-1 inputs a re used as enables for the 
respective CAS outputs. A LOW on a GASINn input enables the 


GASn out put to be dr iven LOW with the internally-generated 
delay from RAS . Each G ASn output goes HIGH only when the 
corresponding GASINn input goes HIGH, and th e address 
switches back to row address only w hen a ll CAS IN go HIGH. 
This feature allows extensi on of th e C AS L OW time and the 
column address time, while RASIN and RASm can go HIGH to 
satisfy precharge requirements of the dynamic RAMs. The R/C 
input is disabled in this mode. 



tRCDL 

Figure 6. Auto- Access (AA) Timing 
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Refresh Mode (RFSH) 

When RFSH is held LOW the refresh counter contents__are 
enabled onto t he QO- 9 address outputs, provided either R/C is 
held HIGH, or AU TO is held LOW, or bot h condit ions exist. In 
this mode all four RAS outputs follow the RASIN input signal. 
The refresh counter increments the refresh address when either 
RASIN or RFSHgoes HIGH while the other is LOW. When AUTO 
is LOW the GASI NO-1 inp uts are isolate_^and CASO-T are held 
HIGH. Also, when AUTO Is LOW the R/C Input is Isolated from 
the output multiplexer, and the refresh address appears at the 
QO-9 outputs. 

When AUTO is HIGH, pulling R/C LOW enable s the column 
address onto the QO- 9 outpu ts. Also, each of the CAS outputs 
follows its respective CASIN input. This feature may be used 


when Implementing error correction and detection “scrubbing” 
for two-bank memory arrays. “Scrubbing” is a term describing a 
cyclic error correction of soft errors In the memory array, done 
within the refresh cycles. On every refresh cycle one location of 
the memory array isaccessed, and the data In that location goes, 
if necessary, through a correction cycle (a read-mbdify-write 
memory cycle). The 673103 provides the facilities to force a 
colum n address onto the QO-9 address outputs and to assert the 
CASO-1 outputs within a refresh cycle to allow scrubbing. A 
column counter and a bank counter need to be added externally 
to provide the column address for scrubbing. 

The refresh counter is a 1 0-bit counter that resets to 0 on power- 
up and rolls over to Oat 1023. 


OTTO 


RFSH 


Q0-Q9 


RasTR 





Figure 7. Refresh Timing 


Note: In the REFRESH mode, AUTO must be LOW or R/C must be HIGH to guarantee the refresh address on the QO-8 outputs. 
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Electrical Characteristics vcc ^ s v ± 10 %, o°g < ta < 7s°c. lypicais are for vcc = s v, ta ^ 25 °c 


SYMBOL 

PARAMETER 

CONDITIONS 

FIGURE/ 

NUMBER 

MIN TYP MAX 

UNIT 

V|C 

Input clamp voltage 

•in -18 mA, Vcc - •^•N 


-0.8 -1.2 

V 

l|H 

Input high current 

V|N = 2.7 V, Vcc = 


50 

mA 

ICTL 

Output load current for RAS, GAS, WE 

VqUT = 0-4 V, Vcc = MAX 
Chip deselect 


-1.5 -2.5 

mA 

l|L 

Input low current except for RFSH 

V|N = 0.4 V, Vcc = max 


-20 -250 

mA 

hLRF 

Input low current for RFSH 

V|N = 0.4 V, Vcc = max 


-80 -500 


V|L 

Input low threshold (Note i) 



0.8 

V 

V|H 

Input high threshold (Note 1) 



2.0 

V 

V 0 L 1 

Output low voltage 

•out 1 mA, Vcc = min 


0.5 

V 

VOL2 

Output low voltage 

•out ~ 12 mA, Vcc = MIN 


0.8 

V 

VOH 

Output high voltage 

•out = -1 rnA, Vcc - MIN 


2.4 

3.0 

V 

lOH 

Output source current (Note 2) 

VOUT = 0.8 V, Vcc = min 


-50 

-140 

mA 

bL 

Output sink current (Note 2) 

VoUT = 2.4 V, Vcc = min 


40 

100 

mA 

l02 

Three-state output current (address output) 

0.4 V<VoUT^' 2.7 V 

Vcc - max. Chip deselect 

■' 

-50 

50 

mA 

'cc 

Supply current 

Vcc = max i 


170 260 

mA 

C|N 

Input capacitance i 

Ta = 25°C 1 



pF 


Switching Characteristics (See Note 3) 


SYMBOL 

EXTERNALLY CONTROLLED ACCESS PARAMETER 

FIGURE/ 

NUMBER 

673103A 

MIN TYP MAX 

673103 

MIN TYP MAX 

UNIT 

tRHA 

Row addresses remaining valid from R/G LOW 

5/3 


0 

ns 

tRPDL 

RASIN to RAS LOW delay 

.,,.'.::':3/1T.:.: 

20 

20 

ns 

tRPDH 

RASIN to RAS HIGH delay 

3/12 

31 

31 

ns 

tAPD 

Address input to output delay 

9/2 

50 

50 

ns 

tWPDL 

YVEINtoWE LOW delay 


45 

45 

ns 

tWPDH 

WEIN to WE HIGH delay 


40 

40 

ns 

tCPDL 

CASIN to CAS LOW delay 

4/3 

28 

28 

ns 

tCPDH 

CASIN to CAS HIGH delay 

4/4 

40 

40 

ns 

tRCC 

Column select to column address valid 

5/5 

41 

41 

ns 

»RCR 

Row select to row address valid 

5/6 

45 

45 

ns 

tdl 

(CASIN to CAS LOW delay)-(RASIN to ^S LOW delay) 


-2 

13 

-2 

13 

ns 

td2 

(Address input to output delay)-(RASIN to RAS LOW delay) 


30 

30 

ns 

td3 

(Address input to output delay)-(CASIN to CAS LOW delay) 


-5 

23 

-5 

23 

ns 

td4 i 

Skew between address output lines 



10 

ns 

td5 i 

(RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) 

1 

-7 

13 

-7 

13 

ns 

td6 1 

(CASIN to CAS HIGH delay)~(CASIN to CAS LOW delay) 

■ J 

-12 

12 

-12 

12 

ns 

tSPD 

ADS HIGH to address output valid 

9/1 1 

55 

55 

ns 

tRCHC 

Column addresses remaining valid from R/C HIGH 

5/4 

0 

0 

ns 

td7 

tRPDL -tRHA 


13 

13 

ns 

td8 

tRCC-tCPDL 


20 

20 

ns 
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-15.01 I 1 I I I— I 

-500 -300 -100 0 100 300 500 


AC»pF 


Change in Propagation Delays vs. Change in Loading 
Capacitance Relative to the Specified Load 

Address Outputs 



SI 

S2 

CL 

MEASURED AT 


open 

Closed 

600 pF 


iSfli 

Closed 


500 pF 


fflnH 



15 pF 

VOH-0.6V 

tpZL 

Closed 

Closed 

500 pF i 

0.8 V 

tpLZ 

Closed 

Open 

15 pF 

Vol+0.5V 


Address Driver 
Output Stage 


vcc 



673103 Test Loads (See Note) 


vcc 



Note: input pulse 0 V to 3.0 V, tR = tp = 2.5 ns. f = 1 MHz, tpw = 200 ns 
Input reference point on AC measurements is 1 .5 V. 

Output reference points are 2.4 V for HIGH and 0.8 V for LOW, 


Control Outputs 


TEST 

SI 

S2 

CL 

MEASURED AT 


mmm 


CL 

0.8 V, 2.4 V 

¥zh 



pL 

2.4 V 

'PHZ 

Open 

Closed 

15 pF 

VoH ■ 0.5 V 

<RZL 

Open 

Open 

Bi 

0.8 V 

¥lz 

Open 


mm 

Vql+O.SV 


Where Cl = 1 50 pF for RAS, 300 pF for CAS, and 500 pF for WE: 


Control Driver 
Output Stage 


vcc 
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Applications 

Microprocessor Interface 

The 673103 Dynamic RAM controller provides the address and 
control signals required to access and refresh dynamic RAMs. 
When Interfaced to a 16-bit microprocessor, some external logic 
is required to generate a refresh clock as well as to perform 
access/refresh arbitration and interface handshake functions. 
Two PAL® devices may be used to perform these functions, as 
shown In Figure 1. One PAL device Is used to generate the 


refresh clock, while the other performs all arbitration and hand- 
shake functions. A hidden refresh (refresh which is transparent 
to the system) scheme is implemented in the interface PAL 
device which takes advantage of “free” system time to refresh 
the memory, and falls back to “forced” refresh when hidden 
refresh cannot be performed. 


ADDRESS 



Figure 1. A CPU Interfaced to the 673103 Driving 8 M Bytes of Dynamic Memory 
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Determining System Performance 
(Auto-Access) 

When determining system performance the dynamic RAM ever results in the later app eara nce o f data at the Dynamic 

parameters must be considered as well as the controller’s prop- RAM output. Since the R AS and CAS coming out of the con- 

agation delays. For both read and write cycles the acces s time troller are initiated by the RA SIN, the controller-memory per- 

for the dynamic RAM is tpAC (Data access time from RAS going formance is measured fromthe RASIN HIGH-to-LOW transition 

LOW) or tCAC (Data access time from CAS going LOW), which- (see Figure 2). 
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The time from RASIN to data is calculated to be the longer of: 
^RICL ^ ^CAC (RASIN to CAS + CAS to data) 

^RPDL ^RAC (RASIN to RAS + RAS to data) 

Table 1 illustrates the access times from RASIN achieved for 
various dynamic RAM speeds. 


CONTROLLER/MEMORY 

PARAMETER 

tRAC 

tRPDL 

*CAC 

tRiCL 

ACCESS TIME FROM RASIN 

673103/HM256-12 

120 

20 

60 

85 

145 

673103A/HM256-12 

120 

20 

60 

75 

140 

673103/HM256-15 

150 

20 

75 

85 

170 

673103A/HM256-15 

150 

20 

75 

75 

170 

673103/MB8265A-10 

100 

20 

50 

85 

135 

673103A/MB8265A-10 

100 

20 

50 

75 

125 

673103/MB8265A-12 

120 

20 

60 

85 

145 

673103A/MB8265A-12 

120 

20 

60 

75 

140 

673103/IMS2620-10 

100 

20 

60 

85 

145 

673103A/IMS2620-10 

100 

20 

60 

75 

135 

673103/IMS2620-12 

120 

20 

70 

85 

155 

673103A/IMS2620-12 

120 

20 

TO 

75 

145 


Table 1. Access Times from RASIN for Various Memory Speeds 


673103 Parameters 

tRppL — RASIN LOW to RAS LOW delay 
tRiCL — RASIN TO C^ LOW delay 


DRAM Parameters 

tRAC ~ Access time from RAS LOW 
tcAC ~ Access time from CAS LOW 
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Using the Externally Controlled Access 

In the E xterna lly Co ntrolled Access m ode R ASIN controls the 
selected RAS ^output, CASINO-1 control CASO-1 outputs respec- 
tively and R/C controls the a ddress multiplex er. Th^system 
designer may create, using the RASIN, CASIN and R/C inputs, 
the required control signal sequence for the specific system 
being designed. Special dynamic RAM access modes such as 


Nibble mode and Page mode access cycles may be performed 
simply by toggling the appropriate control inputs. Special skew 
timing specifications have been specified to allow tighter timing 
control as outlined in the following examples. Both following 
examples relate to the scheme depicted in Figure 3. 



Figure 3. The 673103 in the Externally-Controiied Access Mode 
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Externally Controlled Access (ECA) 

(Continued) 

Example 1: Computing RASIN to R/C Delay 

The delay between RASIN going LOW to R/C going LOW 
(tRASINRC) which is required in order to satisfy the dynamic 
RAMs’ row address hold time (tpAH) 'S computed as follows: 

fRASINRC = tRAH('T^in) + tci7 
Where: 

tRAH('^'*^) ~ Row address hold time (dynamic RAM parameter) 

td7(max) = tppQL-tRHA 

tRpDL — basin to RAS LOW delay 

tRHA ~ Row address held valid from R/C LOW 


Example 2: Computing R/C to CASIN Delay 

The delay between R/C going LOW to going CASIN LOW 
(^RCCASIN) which is required in order to satisfy the dynamic 
RAMs’ column address setup (tASC) 'S computed as follows: 

tRCCASIN = tASC(min) + tds + tpDF32(max) 

Where: 

tAsc^'^'o) — Column address setup (dynamic RAM parameter) 

tci8(max) = tRCC-tCPDL 

tRcc ~ R/C low to column address valid 

tcpDL — CASIN to CAS LOW delay 

tpQF32(max) — Propag ation de lay of the OR gate used to 
validate CASIN 

Better system performance may be achieved using the tdz, tds 
switching parameters to calculate tpASINRC ^od tRccASIN 
than when using the tppoL. tRCDL> tRCC^od tpHA parameters 
(see td 7 , td8 in Externally Controlled Access switching 
parameters). 


raSTn 


R/C 


CASIN 


RAS 


Q0-Q9 




\ 






\ 

-4— — ► 

L . 

*RASINRC 


■ 

MHil 

L^RCCASIN 

p 

1 

*RAH 








“^tRHA 



y 





■4— tcPDL 

4- tASC 

k 


I 


H 



RASIN TO 5a§ * Indicates Dynamic RAM parameters. 

Figure 4. Externally Controlled Access Timing 


Monolithic 


HQ 


Memories 


9-45 







1 -Megabit 
Dynamic RAM 
Controi ier / Driver 


673104 

673104A 


Features/ Benefits 

• Supports up to 1 M DRAMs 

• Capable of addressing up to 16 M bytes 

• On-chip capacitive-load drivers capable of driving up to 88 
DRAMs with 30-nsec typical address propagation delay and 
128 DRAMs with 35-nsec typical address propagation delay 

• RASIN to RAS delay of 23 nsec max (RAS driving 32 
DRAMs) 

• Max and Min skews are specified to simplify system design 

• Four CASIN inputs and four CAS outputs simplify byte 
addressing 

• An Auto-Access mode with extended CAS capability takes 
advantage of full performance of 120- and 150-nsec DRAMs 

• An output series resistor reduces undershoot 

Modes of Operation 

• Externally Controlled Access (EGA) 

• Auto Access (AA) 

• Refresh 


Ordering information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

673104 

64D, 68NL, 68NP 

Com 

6731 04A 


Pin Configurations 


P P IS lu 


1! li I 


'i 




PAL® is a registered trademark of Monolithic Memories. 

TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, C A 95054-1 592 tel: (408) 970-9700 TWX: 910-338-2374 mlCnM€9nBS 
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Block Diagram 



R/C 

/fUTO 


X 


U 


REFRESH 

COUNTER 


AUTO ACCESS TIMING 
-4R/C I 
GENERATOR 


BANK 

LATCH 

ir- 


RFO-R^ 


MULTIPLEXER 


f 


RAS 

DECODER 


_ML 


_£FSH 


mgASiN 


ACAS0-ACAS3 


CASINO ' 
CASINI - 
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Indicates that there is a 3-Kn pull-up resistor on these outputs when they are disabled 

Figure 1. 673104 Functional Block Diagram 


Description 

The 673104 is an LSI device, provided in 64-pin and 68-pin 
packages, which performs most of the functions needed to 
control and address Dyna mic RA Ms. Twenty-two ad dress inputs, 
ten address outputs, four RAS outputs, and four CASIN-CAS 
input-output pai rs allow the 673104 to directly addr ess 16 M 
bytes. The four CASINn inputs and the four CASn outputs 
simplify individual byte access in 32-bit wide memory arrays 
(see Figure 2). 

The 673104 has three operating modes: 

• Externally Controlled Access (EGA) 

• Auto Access (AA) 

• Refresh (RFSH). 

The External ly- Cont rol led-Access mode gives the system direct 
control over the RASm outputs, the CASn outputs, and Row/Co- 
lumn multiplexing. It also supports PAGE mode access, NIBBLE 
mode access and static column mode access. 

The Auto-Access mode provides on-ch ip de lays that automati- 
cally control the ti ming d elays between RASm signals, address 
multiple xing, and CASn signals. In the Auto-Acces s mo de 
CASINO-3 inputs serve as enables for the respective CASO-3 
outputs, allowing the access of any byte of the memory array 


(for 32 -bit w ide memory arrays organized in four bytes). In this 
mode C ASO-3 outputs go HIGH only when the respective 
CASINO-3 inputs go H IGH, an d the address switches back to 
row address onl y whe n CASINO-3 go HIGH. This feature allows 
extensi on of the C AS LOW time and column address time while 
RASIN and RASm can go HIGH to satisfy the precharge 
requirements of the dynamic RAMs. 

When the Refresh mode is selected (RFSH is LO W) an o n-chip 
refreshjDounter provides the refresh address: with AUTO HIGH 
and R/C LOW the column address is forced onto the address 
output multiplexer, facilitating an access of a particular memory 
location while refreshing a row. This feature may be useful when 
Implementing error detection and correction scrubbing. 

The 673104 can drive sixteen banks of DR AMs. RASm control 
signals are used to select four ban ks, w hile leaving the other 
twelve banks in standby. The four CASn outputs enable the 
selection of one bank out of four. The address lines and the WE 
signal can be connected to all s ixtee n banks. In a 32-bit wide, 
byte-oriented, mem ory ar ray the RASm signals select one out of 
four banks while the CASn signals select the bytes, as shown in 
Figure 2. 
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ADDRESS 

M Q0-Q9 

◄ — We 

Each RAS output drives 32 DRAMs 
Each CAS output drives 32 DRAMs 
Each QO-9 output drives 128 DRAMs 
WE output drives 128 DRAMs 


Figure 2. 673104 Addressing Four Banks of 32-bit Memory Array Organized in Four Bytes 


Pin Definitions 

VCC, GND: VCC-GND = 5 V ±10%. The supply pins have been 
assigned to the center of the package to reduce voltage drops, 
both DC and AC; A low inductance connection between the 
ground pin and a solid ground plane will minimize fluctuations in 
the ground level of the device that may occur when the address 
outputs switch from HIGH to LOW simultaneously. A 1-)uF multi- 
layer ceramic capacitor in parallel with a low voltage tantalum 
capacitor, both connected close to the VCC and GND pins, will 
properly decouple the device. 

R0-R9: Row Address Inputs 
C0-C9: Column Address Inputs 

B0-B1: Bank-Pair Selec t Inputs ~ Str obed by ADS. Decoded to 
enable one of the RAS outputs when RASIN goes LOW in the 
access modes. 

Q0-Q9: Multiplexed Address Outputs — Selected from the row 
address input latch, the column address input latch, or the 
refresh counter. 

RASIN: Row Address Strobe Input — Dr ives the selected RASm 
output in the access modes and all RAS outputs in the Refresh 
mode. 

ADS: Address (Latch) Strobe Input — Strobes input row 
address, column address, and Bank Select inputs into the 
respective latches when HIGH; latches on HIGH-to-LOW 
transition. 

OE: Output Enable — When OE is LOW the address and control 
outputs are enabled. When OE is HIGH the address outputs are 
in high-impedance and the control outputs are pulled HIGH. 

R/C: Row/Coiumn Select Input — In the External ly-Controlled- 
Access, it is used to select either the row address input latch or 


the column address i nput la tch onto the address outputs. In the 
Refresh mode, when AUJO is HIGH, it is used to select betwe^ 
the refresh a ddress (R/C HIGHj^and the column address (R/C 
LOW). When AUTO is LOW R/C is disabled. 

CASINO-3: Column Address Strobe Inputs — In the Exter nal ly- 
Controlled-Access mode the CASINn directly drives CASn out- 
put. In t he Aut o-Access m ode, it is used to enable the corres- 
ponding CASn output (See CASO-3 description). 

WEIN: Write Enable Input. 

WE: Write Enable Output. 

CASO-3: Column Address Str obe O utputs — In the Ext ernal ly- 
Controlled-Access mode the CAS o utputs follow the CASIN 
inputs. In t he A uto-Access mo de the CASIN inputs are used to 
enable the CAS outputs, bu t the CAS outputs a re asser ted LOW, 
with proper delay from the RAS output, by the RASIN signal via 
the A uto- Access tirning generator. In the Auto-Ac cess mo de, the 
CASn goes HIGH onl y whe n the corresponding C ASINn g oes 
HIGH . Extending the CASn LOW duration while RASIN and 
RASm go HIGH satisfies the precharge requirement of the 
dynamic RAMs. 

RASO-3: Row Address Strobe Outputs — When RFSH is HIGH 
the selected row address strobe output (decoded from signals 
BO, Bt) follows the RASIN input. W hen RF SH is LOW all RAS 
outputs go LOW together following RASIN going LOW. 

AUTO: Auto-Access Input — When AUTO is LOW the Auto- 
Access mode is selected (see Auto-Access mode description). 

RFSH: Refresh Input — When RFSH is LOW the Refresh mode 
is selected (see Refresh mode description). 
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Externally-Controlled-AccessMode 

(ECA) 

In this mode, selected when AUTO and RFSH are held HIGH, the 
6731 04 serves as a straightforward multiplexer an d driv er for the 
address and control signals to the DRAMs. The RA Sm output 
selected b y the BO and B1 inputs follows the RA SIN inpu t, and 
each of the CAS outputs follows Its corresponding CASIN input. 
When R/C is HIGH the row address is enabled onto the QO-9 
outputs. When R/C is LOW the column address latch is enabled 
onto 00-9 outputs. 

The R>^ ~ RAS, CA^ — CAS, and R/C - 00-9 control 
paths are independent to allow the system designer maximum 
flexibility and support of special DRAM ac cess and r efresh 
modes such as NIBBLE mode, PAGE mode, CAS before RAS, 
etc. 

To allow tighter timing of the sequence of control signals to the 
Dynamic RAM, several difference timing parameters have been 
specified for the Externally Controlled Access mode. These 


parameters specify the maximum difference between the various 
“control channels” of the device. In particular, using switching 
characteri stics td? and tqs is ver^useful when designing th^ 
delay from RA SIN goin g LOW to R/C and the delay between R/C 
going LOW to CASIN going LOW (see Applications). 
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Figure 3. Externally-Controlled-Access— RASIN-to-RAS Timing 


Note; To prevent glitches on the RASO-3 outputs, operating conditions tBSH O'’ ^ADHAR ^^st be satisfied. 
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AUTO 
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Figure 5. Externaliy-Controlled-Access R/C Timing 


tpcc will be met only if the column address is available t/^po before it appears on QO-9 outputs or if it is latched by ADS. 


Monolithio Ei li ] Memories 


9-51 






673104 6731 04A 


Auto-Access Mode (AA) 

In the Auto-Access mode the 673104 provides the system 
designe r with built-in delays and sequencing to accommodate 
DR AMs with 150 nanoseconds and faster access time. The 
Auto-Access mode is selected when AUTO is h eld LOW and 
RFSH is held HIGH. The R/C input is disabled, and RASIN going 
LOW initiates the seq uence of control signals to access the 
DRAMs. The C ASINO-3 inputs are used a s enables for the 
respective CAS outputs. A LOW on a CASINn input enables the 


CASn outp ut to be dr iven LOW with the internally generated 
delay from RAS . Each C ASn output goes HIGH only when the 
corresponding CASINn input goes HIGH, and th e address 
switches back to row address only w hen a ll CASIN go HIGH. 
This feature allows extensi on of th e C AS L OW time and the 
column address time, while RASIN and RASm can g o HIGH \o 
satisfy precharge requirements of the dynamic RAMs. The R/C 
input is disabled in this mode. 



tRCDL 


* Indicates dynamic RAM parameters. 


Figure 6. Auto-Access (AA) Timing 
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Refresh Mode (RFSH) 

When RFSH is held LOW the refresh counter contents _are 
enabled onto t he QO- 9 address outputs, provided either R/C is 
held HIGH, or AU TO is held LOW, or bot h condit ions exist. In 
this mode all four RAS outputs follow the RASIN input signal. 
The refresh counter increments the refresh address when either 
RASIN or R FSH go es HIGH while the other is LOW. When AUTO 
is LOW the CASI NO-3 inp uts are isolate^ and CASO-3 are held 
HIGH. Also, when AUTO is LOW the R/C input is isolated from 
the output multiplexer, and the refresh address appears at the 
QO-9 outputs. 

When AUTO is HIGH, pulling R/C LOW enable s the column 
address onto the 00- 9 outpu ts. Also, each of the CAS outputs 
follows its respective CASIN input. This feature may be used 


when implementing error correction and detection “scrubbing” 
for four-bank memory arrays. “Scrubbing” is a term describing a 
cyclic error correction of soft errors in the memory array, done 
within the refresh cycles. On every refresh cycle one location of 
the memory array is accessed and the data in that location goes, 
if necessary, through a correction cycle (a read-mod ify-write 
memory cycle). The 673104 provides the facilities to force a 
colum n address onto the QO-9 address outputs and to assert the 
CASO-3 outputs within a refresh cycle to allow scrubbing. A 
column counter and a bank counter need to be added externally 
to provide the column addresses for scrubbing. 

The refresh counter is a 1 0-bit counter that resets to 0 on power- 
up and rolls-over to 0 at 1 023. 
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Figure?. Refresh Timing 


Note: In the REFRESH mode, AUTO must be LOW or R/C must be HIGH to guarantee the refresh address on the 00-9 outputs. 
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Absolute Maximum Ratings (See Note) 

Supply voltage, Vcc 

Storage temperature range 

Input voltage 

Output current 

Lead temperature (soldering, 10 seconds) 


. . . . -0.5 V to 7 V 
-65°Cto+150°C 
.. -1.5 V to 5.5 V 

150 mA 

300° C 


Note: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The table of operating conditions provides conditions for actual device operation. 


Operating Conditions 



PARAMETER 

FIGURE/ 

NUMBER 

673104A 

MINTYPMAX 

673104 

MIN TYP MAX 

UNIT 


Supply voltage 



4.5 

5.5 

wm 

Ta 

Ambient temperature 


0 75 

0 

75 

wm 


Address setup time to ADS LOW 



18 



Address strobe pulse width HIGH 


26 

26 

BSi 

ES19H 

Address hold time from ADS LOW 


10 

10 

BSI 


EXTERNALLY CONTROLLED ACCESS PARAMETER 





tADHAR 

ADS LOW hold from RASIN HIGH 

3/7 

0 

0 

ns 

tBSR 

Bank select setup to RASIN LOW (ADS = HIGH) 

3/8 

10 

10 

ns 

tBSH 

Bank select hold from RASIN HIGH (ADS = HIGH) 

3/9 

10 

10 

ns 

tSSR 

Address strobe HIGH setup to RASIN LOW (BO, B1 STABLE) 

3/10 

20 

20 

ns 

tAUHE 

AUTO hold from RASIN HIGH 

3/4 

55 

55 

ns 

tAUSRC 

AUTO HIGH setup to R/C LOW 

5/1 

25 

25 

ns 

tAUHRC 

AUTO HIGH hold from R/C HIGH 

5/2 

10 

10 

ns 

tAUSCA 

AUTO HIGH setup to CASIN LOW 

4/1 

45 

45 

ns 

tAUHCA 

AUTO HIGH hold from CASIN HIGH 

4/2 

0 

0 

ns 

tAUS 

AUTO setup to RASIN LOW 

3/3 

0 

0 

ns 

tRFSR 

RFSH HIGH setup to RASIN LOW (to guarantee tASR - 0 ) 

3/1 

10 

10 

ns 

tRFHR 

RFSH HIGH hold from RASIN HIGH 

3/2 

10 

10 

ns 


AUTOMATIC ACCESS PARAMETER 





tADHAR 

ADS LOW hold from RASIN HIGH 

3/7 

0 

Q 

ns 

tBSR 

Bank select setup to RASIN LOW (ADS = HIGH) 

6/12 

10 

10 

ns 

tBSH 

Bank select hold from RASIN HIGH (ADS = HIGH) 

3/9 

10 

10 

ns 

tASRL 

Address setup to RASIN LOW (ADS = HIGH) 

(tASRL = tci2 max to guarantee tASR = 0) 

6/4 

34 

34 

ns 

tAUS 

AUTO setup to RASIN LOW 

6/5 

0 

0 

ns 

tRFSR 

RFSH HIGH setup to RASIN LOW (to guarantee tASR = 0) 

6/6 

10 

10 

ns 

tSSR 

Address strobe HIGH to RASIN LOW (BO, B1 STABLE) 

6/7 

20 

20 

ns 

tCASR 

CASINO-1 setup to RASIN LOW 

6/8 

-30 

>30 

ns 

tAUH 

AUTO hold from RASIN HIGH 

6/9 

50 

50 

ns 


AUTO LOW hold from CASIN HIGH 

6/10 

0 

0 

ns 


REFRESH PARAMETER 





tAUHRF 

AUTO LOW hold from RFSH HIGH (R/C LOW) 

7/1 

10 

10 

ns 

tRCSRF 

R/C HIGH setup to RFSH LOW (AUTO HIGH) 

7/2 

20 

20 

ns 

tAUSRF 

AUTO LOW setup to RFSH LOW (R/C LOW) 

7/3 

20 

20 

ns 

tRCHRF 

R/C HIGH hold from RFSH HIGH (AUTO HIGH) 

7/4 

10 

10 

ns 

tRFH 

RASIN HIGH during refresh 

7/10 

30 

30 

n 


RFSH LOW setup to RASIN LOVV (to guarantee tRps) 

7/14 

^4 

34 

n 
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Electrical Characteristics vcc = s v ± 10 %, o°c <ta <75°c. lypicais are for vcc = s v, ta = 25°c 


SYMBOL 

PARAMETER 

CONDITIONS 

FIGURE/ 

NUMBER 

MIN TYP MAX 

UNIT 

Vic 

Input clamp voltage 

l|N = -18 mA, Vcc “ MIN 


-0.8 -1.2 

V 

l|H 

Input high current 

V|N = 2.7 V. Vcc = max 


50 

mA 

'CTL 

Output load current for RAS, CAS, WE 

VoUT=0.4V, Vcc = max 
C hip deselect 


-1.5 -2.5 

mA 

l|L 

Input low current except for RFSH 

V|n = 0.4 V. Vcc = max 


-20 -250 

mA 

IlLRF 

Input low current for RFSH 

V|N = 0.4 V, Vcc = max 


-80 -500 

mA 

V|L 

Input low threshold (Note 1) 



0.8 

V 

V|H 

Input high threshold (Note 1) 



2.0 

V 

VOLI 

Output low voltage 

lOUT = 1 mA, Vcc = min 


0.5 

V 

VOL2 

Output low voltage 

•out = 12 mA, Vcc = MIN 


0.8 

V 

VOH 

Output high voltage 

•out = "1 mA, Vcc = min 

: ■ ! 

2.4 3.0 

V 

•oh 

Output source current (Note 2) 

VquT = 0.8 V, Vcc = min 


-50-140 

mA 

•OL 

Output sink current (Note 2) 

VoUT=2.4V, Vcc= min 


40 100 

mA 

•oz 

Three-state output current (address output) 

0.4 V <VouTS 2.7 V 

Vcc " Chip deselect 


-50 50 


Ice 

Supply current 

Vcc = max 


190 280 

mA 

C|N 

Input capacitance 

Ta = 25°C 


10 

PF 


Switching Characteristics (See Notes) 


SYMBOL 

EXTERNALLY CONTROLLED ACCESS PARAMETER 

FIGURE/ 

NUMBER 

673104A 

MIN TYP MAX 

673104 

MIN TYP MAX 

IQH 

ESSSHi 

Row addresses remaining valid from R/C LOW 

5/3 

0 

0 

ns 


RASIN to RAS LOW delay 

3/11 

23 

23 

ns 


RASIN to RAS HIGH delay 


33 

33 

BB 


Address input to output delay 

9/2 

60 

60 

BSI 


WEIN toWE LOW delay 


50 

50 

B9I 

asmu 

WEIN to WE HIGH delay 


45 

45 



CASIN to CAS LOW delay 


28 

28 

B9I 

tCPDH 

CASIN to CAS HIGH delay 

4/4 

40 

40 

BB 


Column select to column address valid 


50 

50 

ns 


Row select to row address valid 


53 

53 

ns 


(CASIN to CAS LOW delay)-(RASIN to RAS LOW delay) 


-5 10 

-5 10 

ns 

td2 

(Address input to output delay)-(RASIN to RAS LOW delay) 


34 

34 

ns 

td3 

(Address input to output delay)-(CASIN to CAS LOW delay) 

■ 

0 28 

0 28 

I 

ns 

td4 

Skew between address output lines 


12 

12 

ns 

td5 

(RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) 


-10 10 

-10 10 

ns 

td6 

(CASIN to CAS LOW delay)-(CASIN to CAS HIGH delay) 


-12 12 

-12 12 

ns 

tSPD 

ADS HIGH to address output valid 

9/1 

64 

64 

ns 

tRCHC 

Column addresses remaining valid from R/C HIGH 

5/4 

0 

0. 

ns 

td7 

iRPDL-tRHA 


16 

16 

ns 

tdS 

tRCC-tCPDL 


27 

27 

ns 


9-56 


MonoUtMo 


Ell 


Meihories 



















673104 6731 04A 


Switching Characteristics (continued) 


SYMBOL 

AUTO ACCESS PARAMETER 

FIGURE/ 

NUMBER 

673104A 

MIN TYP MAX 

673104 

MIN TYP MAX 

UNIT 

tRICL 

RASIN to CAS LOW delay 

6/20 

83 

90 

ns 

tRCDL 

^ to LOW delay 

6/23 

30 

73 

30 

80 

ns 

tRPDL 

RASIN to RAS LOW delay 

6/13 

23 

23 

ns 

tRPDH 

RASIN to RAS HIGH delay 

6/14 

33 

33 

ns 

tAPD 

Address input to output delay 

6/16 

60 

60 

ns 

tWPDL 

WEIN to WE LOW delay 


50 

50 

ns 

tWPDH 

WiiFi to WE HIGH delay 


45 

45 

ns 

tCPDH 

CASIN to CAS HIGH delay 

6/22 

40 

40 

ns 

tRAH 

Row address hold time from RAS LOW 

6/17 

15 

15 

ns 

td2 

(Address input to output delay)-(RASIN to RAS LOW delay) 


34 

34 

ns 

tSPD 

ADS HIGH to address output valid 

6/19 

64 

64 

ns 

tASC 

Column address setup to CAS LOW 

6/21 

0 

0 

ns 

tCAHC 

Column address remaining valid from CASINO-3 HIGH 

6/18 

5 

5 

ns 

tASR 

Row address valid before RAS LOW 

6/24 

0 

0 

ns 

tdS 

(RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) 


-10 

10 

-10 

10 

ns 


REFRESH PARAMETER 





tRFLCT 

RFSH LOW to refresh address valid 
(AUTO LOW or R/C HIGH) 

7/5 

50 

50 

ns 

tRFPDL 

RASIN LOW to RAS LOW delay during refresh 

7/11 

26 

26 

ns 

tRFPDH 

RASIN HIGH to RAS HIGH delay during refresh 

7/12 

38 

38 

ns 

tRFAH 

Refresh address held from RASIN HIGH (RFSH LOW) 

7/7 

0 

0 

ns 

tRHNC 

RASIN HIGH to new refresh address valid 

7/9 

72 

72 

ns 

tRFAHR 

Refresh address held from RFSH HIGH 

7/6 

0 

0 

ns 

tRFS 

Refresh address valid to RAS LOW 
(provided tpFQS is satisfied) 

7/13 

0 

0 

ns 

tRFRDH 

RFSH HIGH to ^ HIGH (for three banks, RASIN = LOW) 

7/15 

45 

45 

ns 

td9 

(RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) 


-9 

16 

-9 

16 

ns 


THREE-STATE PARAMETER 






OE LOW to address output LOW 

10/1 

50 

50 

ns 


OE LOW to address output HIGH 

10/2 

60 

60 

ns 


OE HIGH to address output Hl-Z from LOW 

10/3 

35 

35 

ns 


OE HIGH to address output Hl-Z from HIGH 

10/4 

25 

25 

ns 

tCTZL 

OE LOW to control output LOW 

10/5 

50 

50 

ns 

tCTZH 

OE LOW to control output HIGH 

10/6 

50 

50 

ns 

•CTLZ 

OE HIGH to control output Hl-Z from LOW 

10/7 ! 

35 

35 

ns 

•CTHZ 

OE HIGH to control output Hl-Z from HIGH 

10/8 

30 

30 

ns 


Note 1 : These are absolute voltage levels with respect to the ground pins on the device and includes all overshoots due to system or tester noise. 
Do not attempt to test these values without suitable equipment. 


Note 2: This test is provided as a monitor of driver output source and sink current capability. Caution should be exercised in testing this parameter. 

One output should be tested at a time and test duration should not exceed one second. 

Note 3: Output load capacitance is typical for fo ur banks of 32 DRAMs with trace capa citance. 

The values are: QO-8 Cl = 800 pF, RASO-3 Cl = 250 pF, WE Cl = 800 pF, CASO-3 Cl = 300 pF. 
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’ -500 -300 -too 0 100 300 500 

AC-pF 


Change in Propagation Deiays vs. Change in Loading 
Capacitance Reiative to the Specified Load 


Address Outputs 


TEST 

SI 

S2 

CL 

MEASURED AT 

<PD 

Open 

Closed 

800 pF 

0.8 V, 2.4 V 

‘PZH 

Closed 

Closed 

800 pF 

2.4 V 

<PHZ 

Open 

Closed 

15 pF 

VoH -0.5 V 

‘PZL 

Closed 

Closed 

800 pF 

0.8 V 


Closed 

Open 

15 pF 

VoL ■‘■0.5 V 


Address Driver 
Output Stage 


vcc 



6731 04 Test Loads (See Note) 


VCC 



Note: Input pulse 0 V to 3.0 V, tp = tp = 2.5 ns, f = 1 .0 MHz, tpw = 200 nS. 
Input reference point on AC measurements is 1.5 V. 

Output reference points are 2.4 V for HIGH and 0.8 V for LOW. 


Control Outputs 


TEST 

SI 

S2 

CL 

MEASURED AT 

tpD 

Open 

Closed 

CL 

0.8 V, 2.4 V 

IPZH 

Open 

Closed 

CL 

2.4 V 

tpHZ 

Open 

Closed 

15 pF 

VOH-0.5V 

tpZL 

Open 

Open 

CL 

0.8 V 

tpLZ 

Open 

Open 

15 pF 

Vol+0.5V 


Where Ci_ = 250 pF for RAS, 300 pF for CAS, and 800 pF for WE. 


Controi Driver 
Output Stage 


vcc 
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Applications 

Microprocessor Interface 

The 673104 Dynamic RAM Controller provides the address and 
control signals required to access and refresh dynamic RAMs. 
When interfaced to a 32-bit microprocessor, some external logic 
is required to generate a refresh clock as well as to perform 
access/refresh arbitration and interface handshake functions. 
For some microprocessors external logic is required also to 


decode the address and control signal to arrive at four data 
strobes. A hidden refresh (refresh which is transparent to the 
system) scheme may be implemented in the interface circuitry 
taking advantage of “free” system time to refresh the memory, 
and falling back to “forced” refresh when hidden refresh cannot 
be performed. 


ADDRESS 



Figure 1. A CPU Interfaced to the 673104 Driving 16 M Bytes of Dynamic Memory 
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Determining System Performance 
(Auto-Access) 

When determining system performance the dynamic RAM 
parameters must be considered as well as the controller’s prop- 
agation delays. For both read an d writ e cycles the access time 
for the dynamic RAM is tpAC access time) from RAS 


going LO W or tpA C (C AS access time) from CAS going LOW. 
Since the RAS and CAS coming out of the controller are initiated 
by the R ASIN,th e controller-memory performance is measured 
from the RASIN HIGH-to-LOW transition (see Figure 2). 


RASIN 


RA$ 


CAS 


DATA 


\ 


-* 

1. 

*RPDL 

i 




i 





1 

^ — * CAC — ► 

/ 

DATA (IN/OUT) 

; - i 


■ 4 - *RAC — ► 

^ KAdIN lU UAIA W 


Figure 2. Access Time from RASIN 
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The time from RASIN to data is calculated to be the longer of: 
^RICL ^ ^CAC (F^ASIN to CAS + CAS to data) 

^RPDL ^RAC (RASIN to RAS + RAS to data) 

Table 1 Illustrates the access times from RASIN achieved for 
various dynamic RAM speeds. 


CONTROLLER/MEMORY 

PARAMETER 

»RAC 

»RPDL 

•CAC 

tRICL 

ACCESS TIME FROM RASIN 

673104/HM256-12 

120 

23 

60 

90 

150 

673104A/HM256-12 

120 

23 

60 

83 

143 

673104/HM256-15 

150 

23 

75 

90 

173 

673104A/HM256-15 

150 

23 

75 

83 

173 

673104/MB8265A-10 

100 

23 

50 

90 

140 

673104A/MB8265A-10 

100 

23 

50 

83 

133 

673104/MB8265A-12 

120 

23 

60 

90 

150 

673104A/MB8265A-12 

120 

23 

60 

83 

143 

673104/IMS2620-10 

100 

23 

60 

90 

150 

673104A/IMS2620-10 

100 

23 

60 

83 

143 

673104/IMS2620-12 

120 

23 

70 

90 

160 

673104A/IMS2620-12 

120 

23 

70 

83 

153 


Table 1. Access Times from RASIN for Various Memory Speeds 


673104 Parameters 

tRiCL — RASIN LOW to CAS LOW delay 
^RPDL - RASIN LOW to^ LOW delay 


DRAM Parameters 

tpAC ~ Access time from RAS LOW 
tQAC ■“ Access time from CAS LOW 
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Using the Externally Controlled Access 

In the E xtern ally Co ntrolled Access m ode R ASIN controls the 
selected RAS£utput, CAS I NO-3 control CASO-3 outputs respec- 
tively and R/C controls the a ddress multiplex er. The_system 
designer may create, using the RASIN, CASIN and R/C inputs, 
the required control signal sequence for the specific system 
being designed. Special dynamic RAM access modes such as 


Nibble mode and Page mode access cycles may be performed 
simply by toggling the appropriate control inputs. Special skew 
timing specifications have been specified to allow tighter timing 
control as outlined in the following examples. Both following 
examples relate to the scheme depicted in Figure 3. 



Figure 3. The 673104 in the Externaiiy-Controlled Access Mode 
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Externally Controlled Access (ECA) 

(Continued) 

Example 1: Computing RASIN to R/C Delay 

The delay between RASIN going LOW to R/C going LOW (tRA- 
SINRG) which is required in order to satisfy the dynamic RAMs’ 
row address hold time (tpAH) is computed as follows: 

fRASINRC = tRAH('T^in) + td7 
Where: 

tRAH(fTii'^) ~ Row address hold time (dynamic RAM parameter) 

td7(max) = tRpDL-tRH/^ 

tppDL — RASIN to RAS LOW delay 

tRHA ~ Row address held valid from R/C LOW 


Example 2: Computing R/C to CASIN Delay 

The delay between R/C going LOW and CASIN going LOW 
(tRCCASIN) which is required in order to satisfy the dynamic 
RAMs’ column address setup (tASC) 'S computed as follows; 

tRCCASIN - tASC (min) + td8 + tpDF32(max) 

Where: 

tAsc(min) — Column address setup (dynamic RAM parameter) 
td8(max) = tRCC-tCPDL 
tRcc ~ R/(^ iow to column address valid 
tCPDL “ CASIN to CAS LOW delay 
tp0F32(max) — Propag ation de lay of the OR gate used to 
validate CASIN 

Better system performance may be achieved using the td 7 , tds 
switching parameters to calculate tpASINRC ^od tpccASIN 
than when using the tppoL^ tRCDL- tRCC ^od tRHA parameters 
(see Externally Controlled Access switching parameters). 
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Features/ Benefits 

• All DRAM drive functions on one chip have on-chip high- 
capacitance-load drivers (specified up to 88 DRAMs) 

• Drives directly all 16K and 64K DRAMs: Capable of 
addressing up to 256K words 

• Propagation delays of 25 nsec typical at 500-pF load 

• Supports READ, WRITE and READ-MODIFY-WRITE cycles 

• Six operating modes support externally-controlled access 
and refresh, automatic access, as well as special memory 
initialization access 

• On-chip 8-bit refresh counter with selectable End-of-Count 
(127 or 255) 

• Direct replacement for National DP8408, DP8408A 


MODE 

MODE OF OPERATION 

0,1,2 

Externally-controlled refresh 

3 

Externally-controlled All-RAS write 

4 

Externally-controlled access 

5 

Auto access, slow tpAH 

6 

Auto access, fast tRAH 

7 

Set end of count 


SYSTEM 


CONTROL 


CONTROL 


74S408 

DYNAMIC RAM 
CONTROLLER/ 
DRIVE 


/ - 

SOOpF DRIVE 

r 

SYSTEM • 


/ ^ 
RAM 


74S4G8 Interface Between System and DRAM Banks 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

SN74S408 

48N, D 

Com 

SN74S408-2 

48N, D 

Com, Speed Option 


Pin Configuration 



R3[T4 


csjls 


R4[j6 


C4[j7 

MEMORY 

R5[i8 

16k or 64k 

CsIJq 

DYNAMIC 

R6[m 

RAM BANKS 

t Banks 

C6^ 


R7[£ 


C7|23 


nc[m 



NC = NO CONNECTION 


Portions of this Data Sheet are reprinted courtesy of National Semiconductor Corporation. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Block Diagram 



Figure 1. 74S408 Functional Block Diagram 


Description 

The 74S408 is a Multi-Mode Dynamic RAM Controller/Driver 
capable of driving directly up to 88 DRAMs. 18 address lines 
allow the 74S408 to drive all 16K and 64K DRAMs and ad- 
dresses up to 256K words. Since the 74S408 is a one-chip 
solution (including capacitive-load drivers), it minimizes 
propagation delay skews, and saves board space. 

The 74S408’s 6 operating modes offer externally-controlled 
or on-chip automatic access and externally-controlled 
refresh. An on-chip refresh counter makes refreshing less 
complicated; and automatic memory initialization is both 
simple and fast. 

The 74S408 is a 48-pin DRAM Controller/Driver with 8 
multiplexed address outputs and 6 control signals. It con- 
sists of two 8-bit address latches, an 8-bit refresh counter. 


and control logic. All address output drivers are capable of 
driving 500pf loads with propagation delays of 25nsec. The 
74S408 timing parameters are specified driving the typical 
load capitance of 88 DRAMs, including trace capitance. 

The 74S408 can drive up to 4 banks of DRAMs, with each 
bank comprised of 16Ks, or 64Ks. Control signal outputs 
RAS, CAS, a nd W E are provided with the same driving capa- 
bility. Ea ch R AS output drives one bank of DRAMs so that 
the f our RAS outputs are used to select the banks, while 
CAS, WE and the multiplexed addresses can be connected 
to all the banks of DRAMs. This leaves the nonselected 
banks in the standby mode (less than one tenth of the 
operating power) with the d ata o utput in three-state. Only 
the bank with its associated RAS lo w will be written to or 
read from, except in mode 3 where ail RAS signals go low to 
allow fast memory initialization. 
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Pin Definitions 

Vcc GND, GND— Vcc = 5V ± 5%. The three supply pins have 
been assigned to the center of the package to reduce 
voltage drops, both DC and AC. There are also two ground 
pins to reduce the low level noise. The second ground pin is 
located two pins from Vcc, so that decoupling capacitors 
can be inserted directly next to these pins. It Is important to 
adequately decouple this device, due to the high switching 
currents that will occur when ail 8 address bits change in 
the same direction simultaneously. Recommended solution 
would be a 1f.<F multilayer ceramic capacitor in parallel with 
a low-voltage tantalum capacitor, both connected close to 
pins 36 and 38 to reduce lead Inductance. 

R0-R7: Row Address Inputs. 

C0-C7: Column Address Inputs. 

BO, B1: Bank Sele ct Inp uts—Strobed by ADS . Decoded to 
enable one of the RAS outputs when RASIN goes low. In 
modes 4-6. In mode 7 BO, B1 are used to define End-of- 
Count (see table 3). 

Q0-Q8: Multiplexed Address Outputs— Selected from the 
Row Address Input Latch, the Column Address Input Latch, 
or the Refresh Counter. 


RASIN: Row Addr ess Str obe Input— Enables selected RAS p 
output when M2 (RFSH) is high (modes 4-6), and ail RASp 
outputs in modes 0, 1, 2 and 3. 

R/C: Row/Column Select Input— Selects either the row or 
column address input latch onto the output bus. 


CASIN: Column Address Strobe Input— Inhibits CAS output 
whe n high in Modes 4 and 3. In Mode 6 it can be used to pro- 
long CAS output. 

ADS: Address (Latch) Strobe Input— Strobes Input Row Ad- 
dress, Column Address, and Bank Select Inputs Into respec- 
tive latches when high; latches on High-to-Low transition. 

Chip Select Input— Three-state’s the Address Outputs 
and puts the control signal into a high-impedance logic “1” 
state when high (unless refreshing in mode 0, 1, 2). Enables 
all outputs when low. 


MO, M1, M2 (RFSH): Mode Control Inputs— These 3 control 
pins determine the 6 modes of operation of the 74S408 as 
depicted in Table 1. 

RF l./O— The \!Q pin functions as a Reset Counter Input 
when set low from an external open-collector gate, or as a 
flag output. The flag goes active (low) when M2 = 0 (modes 0, 
1, 2 or 3) and the End-of-Count output is af 127 or 255 (see 
Table 3). 

WIN: Write Enable Input. 

WE: Write Enable Output- Buffered output from WIN. 

CAS: Column Address Strobe Output— In Modes 5 and 6, 


CAS transitions low following valid col urhn address. In 
Modes 3 and 4, it goes^ low after R/C g oes low, or follows 
CASIN going low if R/C is already low. CAS is high during 
refresh. 

RAS 0-3: Row Address Strobe Outputs— When M2(RFSH) is 
high (modes 4-7), the selected row address strobe output 
(decoded from s ignals BO, B1) follo ws th e RASIN input. 
When M2 (RFSH) is low (m odes 0-3) all RASp outputs go low 
together following RASIN going low. 


BANK SELECT 
(STROBED BY ADS) 

ENABLED RAS^ 

B1 

BO 

0 

0 

^0 

0 

1 

>1 

_wl 

1 

0 

RAS2 

1 

1 

RAS3 


Table 1. Memory Bank Decode 


Input Addressing 

The address block consists of a row-address latch, a 
column-address latch, and a resettable refresh counter. The 
address latches are fall-through when ADS is high and latch 
when ADS goes low. If the address bus contains valid ad- 
dresses until after the valid address time, ADS can be per- 
manently high. Otherwise ADS must go low while the ad- 
dresses are still valid. 

In normal memory access operation, RASIN and R/C are ini- 
tially high. When the address inputs are enabled into the ad- 
dress latches (modes 4-6) the row addresses appear on the 
Q outputs. The Address Strobe also inputs the bank-select 
address, (BO and B1). If CS is low, all outputs are enabled. 
When CS is transitioned high, the address outputs go three- 
state and the control outputs first go high through a low Im- 
pedance, and then are held by an on-chip high impedance. 
This allows output paralleling with other 74S408s for multi- 
addressing. All outpu^ go active about 50ns after the chip 
is selected again. If CS Is high, and a refresh cycle begins, 
ail the outputs become active until the end of the refresh 
cycle. 

Drive Capability 

The 74S408 has timin g par ameters that are specified with 
up to 600pF loads for CAS , 500pF loads for Q0-Q7 and WE, 
and 150 pF loads for RASp outputs. In a typical memory 
system this is equivalent to about 88 5V-oniy DRAMs, with 
trace lengths kept to a minimum. Therefore, the chip can 
drive four banks each of 16 or 22 bits, or two banks of 32 or 
39 bits, or one bank of 64 or 72 bits. 

Less loading will slightly reduce the timing parameters, and 
more loading will increase the timing parameters, according 
to the graph of Figure 6). The AC performance parameters 
are specified with the typical load Capacitance of 88 
DRAMs. This graph can be used to extrapolate the varia- 
tions expected with other loading. 
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74S408 Driving Any 1 6K or 64K DRAMs 

The 74S408 can drive any 16K or 64K DRAMs. The on-chip 
8-bit counter with selectable End-of-Count can s uppo rt 
refresh of 128 or 512 rows, while the 8 address and 4 RAS^ 
outputs can address 4 banks of 16K or 64K DRAMs. 


Read, Write, and Read-Modify-Write 
Cycles 

The output signal, WE, determines what type of memory ac- 
cess cycle the memory will perform. If WE is kept high while 
CAS goes low, a read cycle occurs. If WE goes low before 
CAS goes low, a write cycle occurs an d DA TA at Dl (DRAM 
input data) Is written into the DR AM a s CAS goes low. If WE 
goes low later than tcwD ^fter CAS goes low, first a read 
occurs and DO (DRAM output data) becomes valid; then 
data Dl is written into the same address In the DRAM when 
WE goes low. In this read-modify-write case, Dl and DO can- 


not be I inl^ together. The t ype of cycle is therefore con- 
trolled by WE, which follows WIN. 

Power-Up Initialize 

When Vcc is first applied to the 74S408, an internal pulse 
clears the refresh counter, the Internal control flip-flops, and 
sets the End-of-Count of the refresh counter to 127 (which 
may be changed via Mode 7). As Vqc increases to about 2.3 
volts, it holds the output control signals at a level of one 
Schottky diode-drop below Vcc. and the output address to 
three-state. As Vcc increases above 2.3 volts, control of 
these outputs is granted to the system. 

74S408 Functional Mode Description 

The 74S408 operates in 6 different functional modes. The 
operating mode is selected by signals Mo, M,, M^. Selecting 
M 2 , M„ Mo = 0,0,0 or 0,0,1 or 0,1,0 will result at the same 
operating mode designated as mode 0,1,2 (see Table 2). 


MODE 

(RFSH) 

M2 

Ml 

MO 

MODE OF OPERATION 

CONDITIONS 


0 

0 

0 



0,1,2 

0 

0 

1 

Externally-controlled refresh 

RF I/O = EOC 


0 

1 

0 



3 

0 

1 

1 

Externally-controlled All-R^ write 

All-RAS active 

4 

1 

0 

0 

Externally-controlled access 

Active RAS defined by Table 2 

5 

1 

0 


Auto access, slow tRAH 

Active RAS defined by Table 2 

6 

■ ■ A 

1 

0 

Auto access, fast t rah 

Active RAS defined by Table 2 

7 

1 

1 

1 

Set end of count 

See Table 3 for Mode 7 


Table 2. 74S408 Mode Select Options 


MonoUtMo 



Memories 


9-67 








SN74S408/DP8408A SN74S408-2/DP8408A^2 


74S408 Functional Mode 
Descriptions 

Modes 0, 1, 2— Externaily 
Controfied Refresh 

In this mode, the input address latches are disabled from 
the address outp uts a nd the refresh counter is enabl ed onto 
Rp-R y out puts, all RAS outputs are enabled following RASIN, 
and CAS is inhibited, this refreshes the same row in all four 
banks. The refresh counter increments when either RASIN 
or M 2 (RFSH) goes low-tO'high while the other is low. R F I/O 
goes low when the count is 127 or 255 with RASIN and 
RFSH as set by End-of*Count (see Table 3), low. To reset the 
counter to all zeroes, RF I/O is set low through an external 
open-collector driver. 

During refresh, RASIN and MafRFSH) can transition low 
simultaneously because the refresh counter becomes valid 
on the output but topLCT- This means the counter a ddre ss is 
valid on the Q outputs before RAS occurs on all RAS out- 


puts, strobing the counter address into that row of all the 
DRAMS (see Fi gure 2 ). To perform externally controlled 
burst ref resh M afRFSH) initially can agaih have the same 
edge a s RASIN, but then can maintain a low state, since 
RASIN going low-to-high increments the counter (perform- 
ing the burst refresh). 

Mo de 3— Externally Controlled 
All-RAS Write 

This mode is useful at system initialization. The memory ad- 
dress is provided by t he pr ocessor, which also pe rform the 
incrementing. Ail four RAS outputs follow RASIN (supplied 
by the processor), strobing t he row address into the DRAMs. 
R/C can now go low, while CASIN may be used to control 
CAS (as in the Externally Controlled Access mode), so that 
CAS strobes the column address contents into the DRAMs. 
At this time WE should be low, causing the data to be writ- 
ten into all four banks of DRAMs. At the end of the write cy- 
cle, the input address is incremented and latched by the 
74S408 for the next write cycle. 


INPUTS 



Figure 2. External Control Refresh Cycle (Modes 0, 1, 2) 
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Mode 4— Externally Controlled Access 

This mode facilitates externally controlling all access- 
timing parameters associated with the DRAMs. The applica- 
tion of modes 0 and 4 are shown in Figure 3. 

Output Address Selection 


Refer to Figure 4a. With M2 (RFSH) and R/C high, the row ad- 
dress latch contents are transferred to the multiplexed ad- 
dress bus output Q0-Q7, provided CS is set low^The column 
address latch contents are output after R/C goes low. 
RASIN can go low after the row a ddres ses have been set up 
on Q0-Q7. This selects one of the RAS outputs, strobing the 
row address on the Q outputs into the desired bank of mem- 
ory. After the row-address hold-time of the DRAMs, R/C can 
go low so that about 40 ns later column addresses appear 
on the Q outputs. 

Automatic CAS Generation 

In a normal memory access cycle CAS can be derived from 


inputs CASIN or R/C. If CASIN is high, then R/C going low 
switche s the address output drivers from rows to columns. 
CASIN then going lo w ca uses CAS to go low approximately 
40 ns later, allowing CAS to occur at a pr edictab le time (see 
Figure 4b). For maximum system speed, CASIN can be kept 
low, since CAS will automatically occur approximately 20 ns 
af^r the column addresses are valid, or about 60 ns after 
R/C goes low (see Figure 4 a). M ost DRAMs have a column 
address set-up time before CAS (tAsc) of 0 ns or - 10 ns. In 
other words, a tAsc greater than 0 ns Is safe. This feature 
reduces timing-skew problems, thereby improving access 
time of the system. 


Fast Memory Access 

For faster access time, R/C can go low a time delay (tppoL + 
tpAH - tpHA) after RASIN goes low, where tpAH is the Row- 


Address hold-time of the DRAM. 



Figure 3. Typical Application of 74S408 Using Externally Controlled Access and Refresh in Modes 0 and 4 
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Figure 4a. Read Cycle Timing (Mode 4) 



•INDICATES DYNAMIC RAM PARAMETERS 

Figure 4b. Write Cycle Timing (Model 4) 
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Mode 5 — Automatic Access 

In th e Auto A ccess mode all output s except WE are initiated 
from RASIN. Inputs R/C and CASIN are unnecessary and the 
output control signals are derived internally from one input 
signal (RASIN) minimizing timing-skew problems, thereby 
reducing memory-access time substantially and allowing the 
use of slower DRAMs. 

Automatic Access Control 

The major disadvantage of DRAMs compa red to static 
RAMs is the complex timing involved. First, a RAS must oc- 
cur with the row address previously set up on the multi- 
plexed address bus. After the row address has been held for 
tRAH, (the Row-Address hol d-tim e of the DRAM), the column 
address is set up and then CAS occurs. This is all performed 
automatically by the 74S408 in this mode. 


Provided the input address is valid as ADS goes low, RASIN 
can go low any time after ADS. This is because the selected 
RAS occurs typically 27 ns later, by which time the row ad- 
dress is already valid on the address output of the 74S408. 
The Address Set-Up time (tASR). is 0 ns on most D RAMs. 
The 74S408 in this mode (with ADS and RASIN edges 
simultaneously applied) produces a minimum tASR of 0 ns. 
This is true provided the input address was valid tASA before 
ADS went low (see Figure 5a). 


Next, the row address is disabled after tpAH (30 ns 
minimum); in most DRAMs, tpAH minimum is less th an 30 ns. 
The column address is then set up and tAsc l ater, CAS oc- 
curs. The only other con trol i nput required is WIN. When a 
write cycle is required, WIN must go low at least 30 ns 
before CAS Is output low. 
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This gi ves a total typic al delay from: input address valid to 
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to col- 
umn s valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125 ns 
from RASIN). All of these typical figures are for heavy capa- 
citive loading, of approximately 88 DRAMs. This mode is 
therefore extremely fast. The external timing is greatly 
simplified for the memory system designer: the only system 
signal required is RASIN. 

Mode 6— Fast Automatic Access 

The Fast Access mode is similar to Mode 5, but has a faster 
tpAH of 20 ns, minimum. It therefore can only be used with 
fast 16k or 64k DRAMs (which have a tpAH of 10 ns to 15 ns) 


in applications requiring fast access times; RASIN to CAS is 
typically 105 ns. 

In this mode, the R/ C pi n is n ot us ed, but CASIN is used to 
allow an extended CAS after RAS has already terminated. 
Refer to Fi gure 5b. This Is desirable with fast cycle-times 
where R AS ha s to be terminated as soon as possible before 
the next RAS begins (to me et th e precharge time, or tpp, re- 
quirements of the DRAM). CAS may then be held low by 
CASIN to extend the data output valid time fr om the DRAM 
to allow the syst em t o read the data. CASI N subsequently 
going h igh ends CAS. If this extended CAS is not required, 
CASIN should be set high in Mode 6. 
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Mode 7— Set End-of-Count 

The End-of-Count can be externally selected in Mode 7, us- 
ing ADS to strobe in the respective value of B1 and BO (see 
Table 3). With B1 and BO the same EOC is 127; with B1 =0 


and BO = 1 , EOC is 255; and with B1 = 1 and BO = 0, EOC is 
127. This selected value of EOC will be used until the next 
Mode 7 selection. At power-up the EOC is automatically set 
to 127 (B1 and BO set to 11). 
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SN74S408/-2 Specifications: 


Absolute Maximum Ratings (Note 1 ) 

Supply voltage Vqq ....... -0.5 V to 7.0 V 

Storage temperature range -65° to +150°C 

Input voltage -1 .5 V to 5.5 V 

Output current 150mA 

Lead temperature (soldering, 10 seconds) 300° C 


NOTE 1 : "Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The table of operating conditions provides conditions for actual device operation. 


Operating Conditions 


SYMBOL 

PARAMETER 

FIGURE 

’S408 

MIN TYP MAX 

’S408-2 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 


4.75 5.26 

4.25 5.25 

V 

Ta 

Operating free-air temperature 


0 +75 

0 +75 

°c 

tASA 

Address setup time to ADS 

Figures 4a, 4b, 5a, 5b 

15 

15 

ns 

tAHA 

Address hold time from ADS 

Figures 4a,4b,5a,5b 

15 

15 

ns 

tADS 

Address strobe pulse width 

Figures 4a,4b,5a,5b 

30 

30 

ns 

tRHA 

Row address held from column select 

Figure 4a 

10 

10 

ns 

tRASINL.H 

Pulse width of RASIN during refresh 

Figure 2 

50 

50 

ns 

tRST 

counter reset pulse width 

Figure 2 

70 ! 

70 

ns 


Eiectricai Characteristics: Vcc=5.ov± 5.o%, o“C<Ta<75'’c 'rypicais are for vcc=5v, ta=25‘’C 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

. , 

MIN 

TYP 

MAX 

UNIT 

Vc 

Input clamp voltage 

Vcc 

= MIN, Ic = -12mA 


-0.8 

-1.2 

V 

l|H1 

Input high current for ADS. R/C only. 

V|N 

= 2.5V 


2.0 

100 

mA 

'IH2 

Input high current for other inputs, except RF I/O 

V|N 

= 2.5V 


1.0 

50 

mA 

l|RSI 

Output load current for RF I/O 

V|N 

= 0.5V, output high 


-1.5 

-2.5 

mA 

l|CTL 

Output load current for RAS, CAS, WE 

V|N 

= 0.5V, chip deselect 


-1.5 

-2.5 

mA 

l|L1 

Input low current for ADS. R/C only 

V|N 

= 0.5V 


-0.1 

-1.0 

mA 

l|L2 

Input low current for other inputs, except RF I/O 

V|N 

= 0.5V 


-0.05 

-0.5 

mA 

V|L** 

Input low threshold 


0.8 

V 

V|H** 

Input high threshold 


2.0 

V 



VOLI 

Output low voltage, except RF I/O 

*OL 

= 20mA 


0.3 

0.5 

V 

VoL2 

Output low voltage for RF I/O 

iOL 

= 10mA 


0.3 

0.5 

V 

VOHI 

Output high voltage, except RF I/O 

VOH 

= -1mA 

2.4 

3.5 


V 

VOH2 

Output high voltage for RF I/O 

lOH 

= -100/4 A 

2.4 

3.5 


V 

hD 

Output high drive current except RF I/O 

VouT 

= 0.8V (Note 3) 

-200 

mA 

Iqd 

Output low drive current, except RF I/O 

VOUT 

= 2.7V (Note 3) 

200 

mA 

loz 

Three-state output current 
(address outputs) 

0.4V<VouT<2.7V, 

CS = 2.0V, Mode 4 

-50 

1.0 

50 

#iA 

Ice 

Supply current 

Vcc 

= MAX 


210 

285 

mA 

C|N 

Input capacitance ADS, R/C 

Ta 

= 25 X 

8 

PF 

C|N 

Input capacitance all other inputs 

Ta 

= 25X 

5 

PF 
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Switching Characteristics: Vcc = 5.0V±5.0%,0<>C Ta 75°C See Figure 7 for test load (switches S1 andS2are 
closed unless otherwise specified) typicals are for Vcc = SV,/rA = 25 ^C. 


SYMBOL 

ACCESS PARAMETER 

TEST CONDITIONS 

MIN 

’S408 

TYP 

MAX 

MIN 

’S408-2 

TYP 

MAX 

UNIT 

tRICL 

RASIN to CAS output delay (Mode 5) 

Figure 5a 

95 

125 

160 

75 

100 

130 

ns 

tRICL 

RASIN to CAS output delay (Mode 6) 

Figures 5a, 5b 

80 

105 

140 

65 

90 

115 

ns 

tRICH 

RASIN to CAS output delay (Mode 5) 

Figure 5a 

50 

63 

80 

50 

63 

80 

ns 

tRICH 

RASIN to CAS output delay (Mode 6) 

Figures 5a, 5b 

40 

48 

60 

40 

48 

60 

ns 

tRCDL 

RAS to CAS output delay (Mode 5) 

Figure 5a 


98 

125 


75 

100 

ns 

tRCDL 

RAS to CAS output delay (Mode 6) 

Figures 5a,5b 


78 

105 


65 

85 

ns 

tRCDH 

RAS to CAS output delay (Mode 5) 

Figure 5a 


27 

40 


27 

40 

ns 

tRCDH 

RAS to CAS output delay (Mode 6) 

Figure 5a 


40 

65 


40 

65 

ns 

tCCDH 

CASIN to CAS output delay (Mode 6) 

Figure 5b 

40 

54 

70 

40 

54 

70 

ns 

tRCV 

RASIN to column address valid (Mode 5) 

Figure 5a 


90 

120 


30 

105 

ns 

tRCV 

RASIN to column address valid (Mode 6) 

Figure 5a 


75 

105 


70 

90 

ns 

tRPDL 

RASIN to RAS delay 

Figures 4a,4b,5a,5b 

20 

27 

35 

20 

27 

35 

ns 

tRPDH 

RASIN to RAS delay 

Figures 4a,4b,5a,5b 

15 

23 

32 

15 

23 

32 

ns 

tAPDL 

Address input to output low delay 

Figures 4a,4b,5a,5b 


25 

40 


25 

40 

ns 

tAPDH 

Address input to output high delay 

Figures 4a,4b,5a,5b 


25 

40 


25 

40 

ns 

tsPDL 

Address strobe to address output low 

Figure 4b,4a 


40 

60 


40 

60 

ns 

tSPDH 

Address strobe to address output high 

Fibure 4b,4a 


40 

60 


40 

60 

ns 

fWPDL 

WIN to WE output delay 

Figure 4b 

15 

25 

30 

15 

25 

30 

ns 

tWPDH 

WIN to WE output delay 

Figure 4b 

15 

30 

60 

1 15 

30 

60 1 

ns 

tCPDL 

CASIN to CAS delay (RiC) low in Mode 4) 

Figure 4b 

32 

41 

58 

1 32 

41 

58 

ns 

tCPDH 

CASIN to CAS delay 

Figure 4b 

25 

39 

50 

25 

39 

50 

ns 

tRCC 

Column select to column address valid 

Figure 4a 


40 

58 

h" — ^ 

40 

58 

ns 

tRCR 

Row select to row address valid 

Figure 4a,4b 


40 

58 


40 

58 

ns 

tCTL 

RF I/O low to counter outputs all low 

Figure 2 

100 

100 

ns 

tRFPDL 

RASIN to RAS delay during refresh 

Figure 2 

35 

50 

70 

35 

50 

70 

ns 

tRFPDH 

RASIN to RAS delay during refresh 

Figure 2 

30 

40 

55 

30 

40 

55 

ns 

tRFLCT 

RFSH low to counter address valid 

CS = X , Figure 2 


47 

60 


47 

60 

ns 

tRFHRV 

RFSH high to row address valid 

Figure 2 


45 

60 


45 

60 

ns 

tROHNG 

RAS high to new count valid 

Figure 2 


30 

55 


30 

55 

ns 

tRLEOC 

RASIN low to end-of-count low 

Cl = 50pF, Figure 2 

80 

80 

ns 

tRHEOC 

RASIN high to end-of*count high 

Cl = 50pF, Figure 2 

80 

80 

ns 

tRAHI 

Row address hold time (Mode 5) 

Figure 5a 

30 

20 

ns 

tRAH 

Row address hold time (Mode 6) 

Figures 5a, 5b 

20 

12 

ns 

*ASC 

Column address setup time (Mode 5) 

Figure 5a 

8 

3 

ns 

tASC 

Column address setup time (Mode 6) 

Figures 5a,5b 

6 

3 

ns 

tRHA 

Row address held from column select 

Figure 4a 

10 

10 

ns 

tCRS 

Casin setup time to Rasin high (Mode 6) 

Figure 5b 

35 

35 

^ 

ns 
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Switching Characteristics: (cont.) 


SYMBOL 

ACCESS PARAMETER 

TEST CONDITIONS 

’S408 

MIN TYP MAX 

’S408-2 

MIN TYP MAX 

UNIT 

THREE-STATE PARAMETER | 

tZH 

CS low to address output high from 

Hl-Z 

Figure 7 

R1 = 3.5 k 

R2 = 1.5K 

35 60 

35 60 

ns 

tHZ 

QS high to address output Hi-Z from high 

Cl = 15p, Figure? 
R2 = 1k, SI open 

20 40 

20 40 

ns 


CS low to address output low from Hi-Z 

Figure 7 

R1 = 3.5k 

R2 = 1.5k 

, 

35 60 

35 60 

ns 

tLZ 

CS high to address output Hi-Z from low 

Cl = 15pF, Figure? 
Rl = Ik, S2 open 

25 50 

25 50 

ns 

thzh 

CS low to control output high from 

Hi-Z high 

Figure 7 

R2 = 750 Q 

SI open 

50 80 

50 80 

ns 

tHHZ 

CS high to control output Hi-Z high 
from high 

Cl = 15pF 

Figure 7 

R2: = 750Q, SI open 

40 75 

45 75 

ns 

tHZL 

CS low to control output low from 

Hi-Z high* 

Figure?, SI, 

S2 open 

45 75 

45 75 

ns 

tLHZ 

1 

^ I 

CS high to control output Hi-Z high 
from low* 

Cl = 15pF 

Figure 7 

R2 = 750Q 

SI open 

50 80 

■, 

50 80 

Vi 

ms 


•Internally the device contains a 3K resistor in series with a Schottky Diode to Vqq. 

Note 1 : Output load cap acitance is typical for 4 banks of 22 DRAMs or 88 DRAMs including trace capacitance. These values are: Q0-Q8, WE Cl = 500 pF; 
RAS Cl = 150 pF; CAS Cl = 600pF unless otherwise noted. 

Note 2: All typical values are for T/\ = 25° and Vq = 5.0V. 

Note 3: This test is provided as a monitor of driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these 
parameters a 1 511 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second. 


Note 4: Input pulse OV to 3.0V, tp = tp = 2.5 ns, f = 2.5 MHz, tpyy = 200 ns. Input reference point on AC measurements is 1.5V. Output reference points are 
2.7V for High and 0.8V for Low. 

Note 5: The load capacitance on RF I/O should not exceed 50 pF. 

Test Load 

I 

"“►Rl 


Rl, R2 = 4.7K Except as specified 



Figure?. Waveform 


The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 
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Features/Benefits 

• All DRAM drive functions on one chip have on-chip high- 
capacitance load drivers (specified up to 88 DRAMs) 

• Drives directly all 16K, 64K and 256K DRAMs; capable 
of addressing up to 1M words 

• Propagation delays of 25 nsec typical at 500 pF load 

• Supports READ, WRITE and READ-MODIFY-WRITE 
cycles 

• Eight modes of operation support externaliy-controlied and 
automatic access and refresh, as well as special memory 
initialization access 

• On-chip 9-bit refresh counter with selectable End-of-Count 
(127, 255 or 511) 

• Direct replacement for National DP8409, DP8409A 


operating Modes 


0 

Externally-controlled fresh 

1 

Auto refresh— forced 

2 

Automatic burst refresh 

3a 

All-RAS auto write 

3b 

External lyKJontrolled All-RAS write 

4 

Externally-controlled access 

5 

Auto access, slow tpAH* hidden refresh 

6 

Auto access, fast tR AH 

7 

Set end of count 


SYSTEM 


SYSTEM ram 


CONTROL 


CONTROL 


74S409 


/ ^ 

DYNAMIC RAM 

/ • 

SOOpF DRIVE 


CONTROLLER 

DRIVER 


/ ^ 

SYSTEM 

ADOBESS 

/ ^ 

RAM 

ADDRESS 


MEMORY 

16k; 64k, OR 
256k DYNAMIC 
RAM BANKS 


Interface Between System and DRAM Banks 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

SN74S409 

48N, D 

Com 

SN74S409-2 

48N. D 

Com, Speed Option 


Pin Configuration 


R/C (RFCK)[T 



4^ RASIN 

CASiN (RGCK) [T 


^CS 

mo[T 


^ RF I/O 

Ml 



M2 (RFSH) ^ 


21 WE 

ADS 


43)00 

RO [7 


21 01 

CO [7 


4j]Q2 

R1 [7 


2]q3 

Cl [to 


39)04 

R2[tT 

SN74S409 

2) GND 

C2[j7 


2) 05 

GND [to 


36)VCC 

R3[t4 


2) 06 

cajTs 


2)07 

R4[t6 


2) 08 

C4[j7 


2)^ 

Rs[t8 


2)^3 

C5[tg 


2)R^2 

R6 [m 


2)^1 

C6[27 


2)RAS0 

R7 


2] BO 

C7[2 


2] B1 

R8|m 


2) 08 


Portions of this Data Sheet are reprinted courtesy of National Semiconductor Corporation. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Block Diagram 



Figure 1. 74S409 Functional Block Diagram 


Description 

The 74S409 isa Multi-Mode Dynamic RAM Controller/Driver 
capable of directly driving up to 88 DRAMs. 20 address lines 
to the 74S409 allow it to address up to 1M words and it can 
drive 16K, 64K and 266K DRAMs. Since the 74S409 is a 
one-chip solution (including capacitive-load drivers), it min- 
imizes propagation delay skews, and saves board space. 

The 74S409‘s 8 Operating modes offer externally-controlled 
or on-chip automatic access and refresh. An on-chip refresh 
counter makes refreshing (either externally or automatically 
controlled) less complicated; and automatic memory initiali- 
zation is both simple and fast. 

The 74S409 is a 48-pin DRAM Controller/Driver with 9 multi- 
plexed address outputs and 6 control signals. It consists of 
two 9-blt address latches, a 9-bit refresh counter, and control 


logic. The 74S409 timing parameters are specified when driving 
the typical load capitance of 88 DRAMs, Including trace 
capacitance. 

The 74S409 can drive up to 4 banks of DRAMs, with each 
bank co rhpri sed of 16Ks, 64Ks or 256Ks. Control signal 
outputs CAS an d WE are provided with the same driving 
capability. Ea ch rA s output drives one bank of DRAMs so 
that t hd fo ur RAS outputs are used to select the banks, 
whild CAS, WE and the multiplexed addresses can be con- 
nected to all the banks of DRAMs. This leaves the non- 
selected banks In the standby mode (less than one tenth of 
the operating power) with the respective da ta ou tputs in 
three-state. Only the bank with Its associated RAS lo w will 
be written to or read from, except in mode 3 where all RAS 
signals go low to allow fast memory Initialization. 
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Pin Definitions 

Vcc GND, GND-Vcc - 5V ± 5%. The three supply pins have 
been assigned to the center of the package to reduce volt- 
age drops, both DC and AC. There are also two ground pins 
to reduce the low level noise. The second ground pin is 
located two pins from Vcc. so that decoupling capacitors can 
be inserted directly next to these pins. It is important to 
adequately decouple this device, due to the high switching 
currents that will occur when all 9 address bits change In the 
same direction simultaneously. A recommended solution 
Is a 1-/uF multilayer ceramic capacitor in parallel with a low- 
voltage tantalum capacitor, both connected close to pins 36 and 
38 to reduce lead inductance. 


R0-R8: Row Address Inputs. 

C0-C8: Column Address Inputs. 

BO, B1- Bank Sele ct Inp uts — Strobed by ADS . Decoded to 
enable one of the RAS outputs when RASIN goes low, in 
modes 4-6. In mode 7 BO, B1 are used to define End-of- 
Counttsee table 3), and select mode 3a or 3b. 

Q0-Q8: Multiplexed Address Outputs— Selected from the 
Row Address Input Latch, the Column Address Input Latch, 
or the Refresh Counter. 

RASIN: Row Addr ess Str obe Input— Enables selected RAS n 
output when M2 (RFSH) is high (modes 4-6), and all RASp 
outputs in modes 0 and 3. RASIN input Is disabled in modes 
1 and 2. 

R/C (RFCK)— In Auto-Refresh Mode this pin is the external 
Refresh Clock Input: one refresh cycle has to be pe rformed 
each clock period. In all other modes it is Row/Column 
Select Input, selecting either the row or column address 
input latch onto the output bus. 

CAS IN (RGCK) — In modes 1, 2 and 3a, thi s pin is the RAS 
Generator Clock input. In all other mo des it is CASIN (Column 
Address Strobe Input), which inhibits CAS output when high 
in Modes 3b and 4. In Mode 6 it can be used to prolong CAS 
output. 

ADS: Address (Latch) Strobe I nijut— Strobes Input Row 
Address, Column Address, and Bank Select Inputs Into 
respective latches when high; latches bn High-to-Low 
transition. 

Chip Select Input— three-state’s the Address Outputs 
and puts the control signal into a hIgh-Impedance logic 
“1” state when high (unless refreshing in one of ffie Refresh 
Modes). Enables all outputs when low, 

MO, Ml, M2 (RFSH); Modf Control Inputs— These 3 control 
pins determine the 8 major modes of operation of the 74S409 
as depicted in table 2. 

RF I/O RFRQ — This I/O pin functions as a Reset Counter 
Input when set low from an external open-collector gate, or 
as a flag output. The flag goes active-low in Modes 0, 2 and 


BANK SELECT 
(STROBED BfY APS) 

ENABLED RASn 

B1 • 1 

BO 1 

0 ■ 

0 

RASo 

0 i 

1 

RAS*) 

1 

0 

RAS2 

1 

1 

RAS3 


Tablet. Memory Bank Decode 


3a when the End-of-Count output is at 127, 255, or 511 (see 
Table 3). In Auto-Refresh Mode (mode 5) it is the Refresh 
Request (RFRQ) output. 

WIN: Write Enable Input. 

WE: Write Enable Output — Buffered output from WIN. 

CAS: Column Address Strobe Output— In Modes 3a, 5, and 
6, CAS transitions low following valid column address. In 
Modes 3b and 4, it goes low after R/C goes low, or follows 
CASIN going low if R/C is already low. CAS is high during 
refresh. 

RAS 0-3: Row Address Strobe Outputs— When M2(RFSH) 
IS high (modes 4-6), the selected row address strobe output 
(decoded from signals BO, B1) follows the RASIN input. 
When M2 (RFSH) is l ow (mod es 0-3) all RASn outputs go 
low together following RASIN going low in modes 0 and 3 
and automatically in modes 1 and 2. 


Input Addressing 

The address block consists of a row-address latch, a column- 
address latch, and 9 resettable refresh counter. 

The address latches are fall-through when ADS is high and 
latch when ADS goes low If the address bus contains valid 
address until after the valid address timq, ADS can be per- 
manently high. Otherwise ADS must go low while the address 
Is still valid. 

In normal memory-access operation, RASIN and R/C are 
Initially high. When the address inputs are enabled into the 
address latches (modes 3-6) the row addresses appear on 
the Q outputs. The Address Strobe also inputs the bank- 
select address,_(B0 and B1). If CS is low, all outputs are 
enabled. When CS goes high, the address outputs go three- 
state and the control outputs first go high through a low 
impedance, and then are held by an on-chip high impedance. 
This allows output paralleling with other 74S409s for multi- 
addressing. All outputs go active about 50ns after the chip is 
selected again. If ^ is high, and a refresh cycle begins, all 
the outputs become active until the end of the refresh cycle. 
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Drive Capability 

The 74S409 has ti ming parameters that are specified with up 
to 600pF loads f or CA S and WE, 500pF loads for Qo-Qs, and 
150pF loads for RASp outputs. In a typical memory system 
this is equivalent to about 88 5V-only DRAMs, with trace 
lengths kept to a minimum. Therefore, the chip can drive four 
banks each of 16 or 22 bits, or two banks of 32 or 39 bits, 
or one bank of 64 or 72 bits. 

Less loading will slightly reduce the timing parameters, and 
more loading will increase the timing parameters, according 
to the graph of Figure 14. The AC performance parameters 
are specified with the typical load capacitance of 88 DRAMs. 
This graph can be used to extrapolate the variations 
expected with other loading. 


74S409 Driving Any 16K, 64K or 256K 
DRAMs 

The 74S409 can drive any 16K, 64K, or 256K DRAMs,. The 
on-chip 9-bit counter with selectable End-of-Count can sup- 
port re fresh of 128, 256 and 512 rows, while the 9 address 
and 4 RASp outputs can address 4 banks of 16K, 64K or 
256K DRAMs. 


Read, Write, and Read-Modify-Write 
Cycles 

The output signal, WE, determines what type of memory 
acces s cyc le the memory will perform. If WE is kept high 
while CAS goes low, a read cycle occurs. If WE goes low 


before CAS goes low, a write cycle occurs and data at Dl 
(PRAM input data) is written into the D RAM as CAS goes 
low. If WE goes low later than tcwD ^^ter CAS goes low, first 
a read occurs and DO (DRAM output data) becomes valid; 
then data D I is written into the same address in the DRAM 
when WE goes low. In this read-modify-write case, Dl and 
DO cannot be linked together. T he ty pe of cycle is therefore 
controlled by WE, which follows WIN. 

Power«Up Initialize 

When Vcc is first applied to the 74S409, an internal pulse 
clears the refresh counter, the Internal control flip-flops, and 
sets the End-of-Count of the refresh counter to 127 (which 
may be changed via Mode 7). As Vcc increases to about 2.3 
volts, it holds the output control signals at a level of one 
Schottky diode-drop below Vcc> and the output address to 
three-state. As Vcc increases above 2.3 volts, control of 
these outputs is granted to the system. 

74S409 Functional ModesDescription 

The 74S409 operates in 8 different functional modes 
selected by signals Mo,Mi,M2. Mode 3 splits further to modes 
3a and 3b determined by signals Bo,Bi in mode 7. 

Mode 0 and mode 1 are generally used as Refresh modes 
for mode 4 and mode 5 respectively, and therefore will be 
described as mode-pairs 0,4 and 1,5. 

Mode 6 is a fast access made for very fast DRAMs and mode 7 
is used only to determine choice of mode 3a or 3b and for 
setting End-of-Count for the refresh modes. 


MODE 

(RFSH) 

M2 

Ml 

MO 

MODE OF OPERATION 

CONDITIONS 

0 

0 

0 

P 

Externally-controlled refresh 

RFI/0 = EDC 

t 

0 

0 

1 

Auto ref resh— forced 

RF I/O = Refresh request (RFRQ) 

2 

0 

1 

0 

Automatic burst refresh 

RF I/O = 'EDC 

3a* 

0 

1 

1 

All -R AS auto write 

RF I/O = EOC; all RAS active 

3b* 

0 

1 

1 

Externally-controlled All-RAS write 

All-RAS active 

4 

1 

0 

0 

Externally-controlled access 

Active RAS defined by Table 2 

5 

1 

0 

1 

Auto access, slow tRAH. iiidden refresh 

Active RAS defined by Table 2 

6 

1 

- 1 ■ 

0 

Auto access, fast tRAH 

Active RAS defined by Table 2 

7 

1 

1 

1 

Set end of count; determines mode 3a or 3b 

See Table 3 for Mode 7 


*Mocle 3a is selected by setting Bo,Bi to 01 , 00, or 10 in mode 7. 
*Mode 3b is selected by setting Bi,Bc to 11 in mode 7. 


Table 2. 74S409 Mode Select Options 
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Mode 0 — Externally-Controlled Refresh 
Mode 4 — Externally-Controlled Access 

Modes 0 and 4 facilitate external control of all timing parame- 
ters associated with the DRAMs. These modes are indepen- 
dent modes of operation though generally used together in 
the same application as shown in Figure 2. 


Mode 0— Externally-Controlled Refresh 

In this mode the input address latches are disabled fro m the 
address outputs and the refresh counter is enabled. All RAS 
outputs go low following RASIN and refresh the enabled row 
in al l four banks. CAS IN and R/C inputs are not used and 
CAS is inhibited. The refresh counter Increments when either 
RASIN or M2 (RFSH) switch high while the other is still low. 


RF I/O goes low when th e count equals End-of-Count (as 
set in mode 7), and RASIN Is low. The 9-bit counter will always 
roll-over to zero at 512, regardless of End-of-Count. However, 
the counter can be reset at any time by driving RF I/O low through 
an external open-collector. 

During refresh, RASIN and M2 (RFSH) can transition low 
simultaneously because the refr esh co unter becomes valid 
on the output bus tppLCT RFSH goes low, which Is a 
shorter time than tppppL. This m eans the counter ad dress 
is valid on the Q outputs before RAS occurs on all RAS 
outputs, strobing the counter address into that row of all the 
DRAMs (see Figure 2.). To perform externally-controlled 
burst refresh, RFSH initially can again have the same edge 
as RASIN, but then maintains a low state, since RASIN going 
low-to-high increments the counter (performing the burst 
refresh). 


DRAMs MAY BE 16K, 64K, OR 256K X 1 bit 
FOR 4 BANKS, CAN DRIVE 16 DATA BITS 
+6 CHECK BITS FOR ECC. 

FOR 2 BANKS, CAN DRIVE 32 DATA BITS 
+7 CHECK BITS FOR ECC. 

FOR 1 BANK, CAN DRIVE 64 DATA BITS 
+8 CHECK BITS FOR ECC. 


AO-15, 17, 19 


INPUT RAS 
ROW/COLUMN SEL 





CASIN 

RAS 3 

ADS 

RAS 2 

BO 

RAS 1 


0 

RO-6, 7, 8 


CO-6, 7, 8 


74S409 

B1 


RASIN 


R/C 

CAS 


WE 

wiN 


M2 (RFSH) 

QO-6, 7, 8 

CS Ml 

MO 



Figure 2. Typical Application of 74S409 Using Externally-Controlled Access and Refresh in Modes 0 and 4 
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S409 INPUTS 



'INDICATES DYNAMIC RAM PARAMETERS 


Figure 3. External Control Refresh Cycle (Mode 0) 
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Mode 4 — Externally-Controlled Access 

This mode facilitates externally controlling all access-timing 
parameters associated with the DRAMs. Figures 4 and 5 
show the timing for read and write cycles. 

Output Address Selection 

In this mode CS has to be low at least 50 nsec before the 
outputs will be valid. With R/C high, the row address latch 


contents ar e transfe red to the multiplexed address bus out- 
put Q0-Q8. RASIN can go low after the row addresses have 
been set up on Q0-Q8, and enables one RAS output selected 
by signals BO, B1 to strobe the Q outputs into the desired 
bank of memory. After the row-address hold-time of the 
DRAMs, R/C can go low so that about 40 nsec later, the 
column address appears on the Q output. 


S409 INPUTS 



MNOiCATES DYNAMIC RAM PARAMETERS 


Figure 4. Read Cycle Timing (Mode 4) 
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S409 INPUTS 

C5 



Figure 5. Write Cycie Timing (Mode 4) 


Automatic CAS Generation 

In a normal memory access cycle CAS can be derived from 
inputs CASIN or R/C. If CASIN is high, then R/C going low 
switches the address output drivers from rows to columns. 
CASIN then going l ow ca uses CAS to go low approximately 
40 ns later, allowing CAS to occur at a p redictab le time (see 
Figure 5). For m aximum system speed, CASIN can be kept 
low, since CAS will automatically occur approximately 60 ns 
after R/C goes low (see Figure 4). Mos t DRAMs have a 
column address set-up time before CAS (tASC) 0 
-10 ns. In other words, a tASC greater than 0 ns is safe. This 


feature reduces timing-skew problems, thereby improving 
access time of the system. 

Fast Memory Access 

For faster access time, R/C can go low a time delay (tppDL 
+ tRAH “ tRHA) after RASIN goes low, where t pAH 's the 
Row-Address hold-time of the DRAM, and CASIN can go low 
tRCC - tCPOL + tASC (min.) after R/C goes low (see tpiFI. 
tDiF2 switching characteristics). 
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Mode 1 —Automatic Forced Refresh 
Mode 5 —Automatic Access 
with Hidden Ref resh 

Mode 1 and Mode 5 are generally used together incorporat- 
ing the advantages of the “hidden refresh” performed in 
mode 5 with the possibiity to force a refresh by changing to 
mode 1. An advantage of the Automatic Access over the 
Externally-Controlled Access is the reduced memory access 
time, due to the fact that the out put con trol signals are derived 
internally from one input signal (RASIN). 


Hidden and Forced Refresh 

Hidden Refresh is a term describing memory refresh per- 
formed when the system does not access the portion of 
memory controlled by the 74S409 (CS = 1). A hidden refresh 
will occur once per Refresh Clock (RFCK) cycle provided CS 
went high and RASIN went low. If no hidden refresh occurred 
while RFCK was high, the RF I/O (RFRQ) goes low imme- 
diately after RFCK goes low, indicating to the system when a 
forced refresh is required. The system must allow a forced 
refresh to take place while RFCK Is low by driving M2 (RFSH) 
low, thereby changing mode of operation to Mode 1 . 

The Refr esh R equest on RF I/O (RFRQ) is terminated as 
soon as RAS goes low, indicating to the system that the 
foc ed refr esh has been done. The system should then drive 
M2 (RFSH) high, changing the mode of operation back to Mode 5 
(see Figures). 


Mode 1 — Automatic Forced Refresh 

In Mode 1, the R/C (RFCK) pin funct ions as RFCK (refresh 
cycle clock) instead of R/C, and CAS remains h igh. If RFCK 
IS kept permanently high then whenever M2 (RFSH) goes 


low, an externally-controlled refresh will occur and all RAS 
outputs will follow RASIN, strobing the refresh counter con- 
tents to the DRAMS. The RF I/O pin will always output high, 
but can be set low externally through an open-collector 
driver, to reset the refresh counter. 

If RFCK is an input clock, one and only one refresh cycle 
must take place every RFCK cycle. If a hidden refresh does 
not occur while RFCK Is high, in Mode 5, then RF I/O 
(Refresh Request) goes low immediately after RFCK goes 
low, indicating to the system that a forced refresh is required. 
The system must allow a forced re fresh to take place while 
RFCK is low Th e Refr es h Request sign al on RF I/O may be 
connected to a Hold or Bus R eque st i nput to the sy stem. 
The system acknowledges the Hold or Bus Request when 
ready, and outputs Hold Acknowledge or Bus Request 
Acknowledge. If this is connected to the M2 (RFSH) pin, a 
forced-refresh cycle will be initiated by the S409, and RAS 
will be internally generated on all four RAS outputs, strobing 
the refresh counter conte nts o n the address ouputs into all 
the DRAMs. An external RAS Generat or Cloc k (RGCK) is 
requred for this function. It is fed to the CASIN (RGCK) pin, 
and may be up to 10 M Hz. Whenever M2 goes low (inducing 
a forced refresh), RAS remains high for one to two periods of 
RGCK, depending on when M2 g oes lo w relative to the high- 
to-low triggering edge of RGCK; RAS then goes low for two 
periods, performing a refresh on all bank s. In o rder to obtain 
the minimum delay from M2 going low to RAS going low, M2 
should go low tppsRG before the next falling edge of RGCK. 
The Refresh Request on RF I/O is terminated as RAS begins, 
so that by the time the system has acknowledged the removal 
of the request and d isabled its Acknowledge, (i.e., M2 goes 
high). Refresh RAS will have ended, and normal operations 
can begin again in the A utoma tic Access mode (Mode 5). If it 
Is desired that Refre sh RA S end in less than 2 periods of 
RGCK from the time RAS went low, then M2 may g o high 
earlier than tpRQH RF I/O goes high and RAS will go 
hightRFRH a^ter M2. 
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Mode 5 —Automatic Access with 
Hidden Refresh 

In this mode all address outputs, RAS and CAS are initiated 
from RASIN making the DRAM access appear similar to 
static RAM access. The hidden refresh feature enables 
DRAM refresh accomplished with no time-loss to the system. 

Provided the input address is valid as ADS goes low, RASIN 
can go low any time after ADS. This is because the selected 
Ms occurs typically 27 ns later, by which time the row 
address is already valid on the address output of the 74S409. 
The Address Set-Up time (tASR). 'S 0 ns on m ost DRAMs. 
The 74S409 in this mode (with ADS and RASIN edges simul- 
taneously applied) produces a minimum tASR 0 This is 
true provided the input address was valid tASR before ADS 
went low (see Figure 7). 

Next, the row address is disabled tpAH aft©'' RAS goes low 
(30 ns minimum); in most DRAMs, tpAH minimum is less 
than 30 ns. The column address is then set up and (tASC l ater.) 
CAS occurs. The only other con trol i nput required is WIN. 
When a write cycle is required, WIN must go low at least 
30 ns before CAS is output low. 

This gives a total typical delay from; input address valid to 
RASIN (15 ns); to RA S (27 ns); to rows held (50 ns); to col- 
umns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125 ns 
from RASIN). All of these typical figures are for heavy capaci- 
tive loading, of approximately 88 DRAMs. 

Refreshing 

In this mode R/C (RFCK) functions as Refresh Clock and 
CASIN (RGCK) functions as RAS Generator Clock. 

One refresh cycle must occur during each refresh clock period, 
and then the refresh address must be incremented before the 
next refre^hfcycle. As long as 128 rows are refreshed every 2 ms 
(one row every 16 ^ts), all 16K and 64K DRAMs will be correctly 
refreshed. The cycle time of RFCK must, therefore, be less than 
16jLis. RFCK going high sets an internal refresh-request flipflop. 
First the 74S409 will attempt to perform a hidden refresh so that 
the system thruput will not be affected. If, during the time RFCK 


is high, CS on the 74S409 goes high and RASIN occurs, a hidden 
refresh will occur. In this case, RASIN should be considered a 
common read/write strobe. In other words, if the processor is 
accessing elsewhere (other than the DRAMs) while RFCK is high, 
the 74S409 will perform a refresh. Tl^ refresh counter is enabled 
to the a ddre ss outputs whe never C S goes high with RFCK high, 
and all RAS outputs follow RASIN. If a hidden refresh is taking 
place as RFCK goes low, the refresh continues. At the start of the 
hidden refresh, the refresh-request flipflop is reset so on further 
refresh can occur until the next RFCK period starts with the posi- 
tive-going edge of RFCK (see Figure 6). RASIN should go low at 
least 20 ns before RFCK goes low, to ensure occurrence of the 
hidden refresh. 

To determine the probability of a hidden refresh occurring, 
goes low, (and the internal-request flipflop has not been 
for 8jus, then the system has 20 chances to not select the 
74S409. If during this time a hidden refresh did not occur, 
then the 74S409 forces a refresh while RFCK is low, but the 
system chooses when the refresh takes place. After RFCK 
goes low, (and the internal-request flip-flop has not been 
reset), RF I/O goes low indicating that a refresh is requested 
to the system. Only when the system acknowledges this 
request by setting M2 (RFSH) low does the 74S409 initiate a 
forced refresh (which is performed automatically). Refer to 
Mode 1, and Figure 6. The internal refresh request flipflop is 
then reset. 

Figure 6 illustrates the refresh alternatives in Mode 5. If a 
hidden refresh has occurred and CS again goes high before 
RFCK goes low, the chip is deselected. All the control sig- 
nals go high-impedance high (logic "1”) and the address out- 
puts go three-state until CS again goes low. This mode 
(combined with Mode 1) allows very fast access, and auto- 
matic refreshing (possibly not even slowing down the 
system), with no extra ICs. Careful system design can, and 
should, provide a higher probability of hidden refresh 
occurring. The duty cycle of RFCK need not be 50 percent; 
in fact, the low-time should be designed to be a minimum. 
This is determined by the worst-case time (required by the 
system) to respond to the 74S409’s forced-refresh request. 
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Figure 6. Hidden Refreshing (Mode 5) and Forced Refreshing (Mode 1) Timing 
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Mode 2 —Automatic Burst Refresh 

This mode is normally used before and/or after a DMA opera- 
tion to ensure that all rows remain refreshed, provided the 
DMA transfer takes less t han 2 m s (see Figure 8). Whe n the 
74S409 enters this mode, CASIN (RGCK) becomes the RAS 
Generator Clock (RGCK), and RASIN is disabled. CAS 
remains high, and RF I/O goes low when the refresh co unter 
has reached the selected End-of-Count and the last RAS 
has ended. RF I/O then remains low until the Auto-Burst 
Refresh mode is terminated. RF I/O can therefore be used 
as an interrupt to indicate the End-of-Burst condition. 

The signal on all four RAS outputs is just a divide-by -four of 
RGCK; In other words, if RGCK has a 100 ns period, RAS is 
high and low for 200 ns ea ch cy cle. The refresh counter 
increments at the end of each RAS, starting from the count it 
contained when the mode was entered. If this was zero then 
for a RGCK with a 100 ns period with End-of Count set to 
127, RF I/O will go low after 128 x 0.4jus, or 51.2ius. During this 
time, the system may be performing operations that do not 
involve DRAM. If all rows need to be burst refreshed, the 
refresh counter may be cleared by setting RF I/O low 
externally before the burst begins. 


Burst-mode refreshing is also useful when powering down 
systems for long periods of time, but with data retention still 
required while the DRAMs are in standby. To maintain valid 
refreshing, power can be applied to the 74S409 (set to Mode 
2), causing it to perform a complete burst refresh. When 
end-of-bust occurs (after 26 fxs), power can then be removed 
from the 74S409 for 2 ms, consuming an average power of 
1.3% of normal operating power. No control signal glitches 
occur when switching power to the 74S409. 


Mode 3a -All-RAS Automatic Write 

Mode 3a is useful at system initialization, when the memory 
is being cleared (i.e., with all-zeroes in the data field and the 
corresponding check bits for error detection and correction). 
This requires writing the same data to each locatio n of m em- 
ory (every row of each column of each ba nk). A ll RAS out- 
puts are activated, as in refresh, and so are CAS and WE. To 
write to all four banks simultaneously, every row is strobed in 
each column, in sequence, until data has been written to all 
loca tions . The refresh counter is used to address the rows, 
and RAS is low for two RGCK cycles and high for two cycles. 


EOC 


RF 

CAS 

74S409 — 

MO 

Ml QO-8 

M2 RGCK 


PROCESSOR ACTS ACKNOWLEDGE 
AFTER INTERRUPT END OF BURST 


¥¥iiumrnjui 


I- 
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h“ *ROHNC 




RF I/O (EOC) 



Figure 8. Auto-Burst Mode, Mode 2 
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To select this mode, B1 and BO must have previously been 
set to 00, 01, or 10 in Mode ?, depending on the DRAM size. 
For example, for 16K DRAMS, B1 and BO are 00. For 64K 
DR AMs, Bland BO are 01. 


In this mode, R/C is disabled, WE is permanently enabled 
low, and CASIN (RGCK) becomes RGCK. RF I/O goes low 
whenever the refresh counter is 127, 2 55, or 511 (as set by 
End-of-Count in Mode 7), and the RAS outputs are active. 



74S409 Extra Circuitry Required for All-RAS Auto Write Mode, Mode 3a 



9p90 


HktnoUMo^^ Memories 










SN74S409/DP8409A SN74S409-2/DP8409A-2 


Mo de 3b — Externally-Controlled 
All-RAS Write 

To select this mode, B1 and BO must first have been set to 11 
in Mode 7. This mode is useful at system initialization, but 
under processor control. The memory address is provided by 
the processor, which also performs the incrementing. All four 
RAS outputs follow RASIN (supplied by the processor), 
strobing the row address into the DRAMs. R/C can now go 
low, while CAS IN may be used to control CAS (as in the 
Externally-Controlled Access mode), so that CAS strobes the 
column address contents into the DRAMs. At this time WE 
should be low, causing the data to be written into all four 
banks of DRAMs. At the end of the write cycle, the input 
address is incremented and latched by the 74S409 for the 
next write cycle. This method is slower than Mode 3a, since 
the processor must perform the incrementing and accessing. 
Thus the processor is occupied during RAM initialization, 
and is not free for other initialization operations. However, 
initialization sequence timing is under system control, which 
may provide some system advantage. 

Mode 4 — Externally-Controlled 
Access 

Mode 4 is described in with mode 0 in section “Mode 0 and 
Mode 4’’ 

Mode 5— Automatic Access with 
Hidden Ref resh 

See description of mode 0 and mode 5. 

Mode 6— Fast Automatic Access 

The Fast Automatic Access mode can only be used with fast 
DRAMs w hich have tpAH ‘•O nsec-15nsec. The typical 
RASIN to CAS delay Is lOSnsec. In this mode CAS can be 
extended after RAS goes high to extend the data output 
valid time. T his fe ature Is useful in applications with short 
cycles where RAS has to be terminated as soon as possible to 
meet the precharge (tpp) requirements of the DRAM. 

Mode 6 timing is illustrated in Figures 10 and 1 1 . Provided that the 
input address is valid as ADS goes low, RASIN can go low 
any time after ADS. This is because the selected RAS occurs 
typically 27 ns later, by which time the row address is already 
valid on the address output of the 74S409. The Address 


Set-Up time (tASR). is 0 ns on most DRAMs. The 74S409 in 
this mode (with ADS and RASIN edges simultaneously 
applied) produces a minimum tASR 0 ris. This is true pro- 
vided the Input address was valid tASA before ADS went low 
(see Figure 10). 

Next, the row address is disabled tpAH s^ter RAS goes low 
(20 n s min imum); the column address is then set up and tASC 
later, CAS occurs. The only other con trol i nput required is 
WIN. When a write cycle Is required, WIN must go low at 
least 30 ns before CAS is output low. 

This giv es a total typic al delay from: input address valid to 
RASIN (15 ns): to RA S (27 ns): to rows valid (50 ns); to col- 
umns valid (25 ns); to C AS (23 ns) = 140 ns (that is, 125 ns 
from RASIN). All of these typical figures are for heavy capaci- 
tive loading, of approximately 88 DRAMs. 

This mode is therefore extremely fast. The external timing is 
greatly simplified for the memory system designer: the only 
system signal required is RASIN. 

In this mode, the R/C (RFCK) pin is not used, but CAS IN 
(RGCK) is used as CAS IN to allow an extended CAS after 
RAS has already terminated. Refer to Figure 11 . 


Mode 7 — Set End-of -Count (3a, 3b select) 

The End-of-Count can be externally selected in Mode 7, 
using ADS to strobe in the respective value of B1 and BO 
(see Table 3). With B1 and BO the same EUC is 127; with B1 
= 0 and BO = 1, EOC is 255; and B1 = 1 and BO = 0, 
EOC is 511. This selected value of £QC will be u sed until the 
next Mode 7 selection. At power-up the EOC is automati- 
callysetto127(B1 and BOsettoli). 

When Bi,B 2 are set to 11 in mode 7, mode 3b will be selected 
If mode 3 is selected (M 2 , Mi, Mo = 0, 1, 1). If Bi,B 2 is set to 
00, 01 or 10 then mode 3a will be selected. 


BANK SELECT 
(STROBED BY ADS) 

END OF COUNT 
SELECTED 

B1 

BO 

0 

0 

127 

0 

1 

255 

1 

0 

511 

1 

1 

127 


Tables. Mode? 
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^INDICATES DYNAMIC RAM PARAMETERS 


Figure 11. Mode 6 Timing, Extended CAS 
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SN74S409/-2 Specifications: 


Absoiute Maximum Ratings (Note i) 

Supply voltage Vqq 

Storage temperature range 

Input voltage 

Output current 

Lead temperature (soldering, 10 seconds) 


-0.5 V to 7.0 V 
-65° to +150°C 
-1.5 V to 5.5 V 

150 mA 

300° C 


NOTE 1 : “Absolute Maximum Ratings” are the values beyontj which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The table of operating conditions provides conditions for actual device operation. 


Operating 

Conditions 

SYMBOL 

PARAMETER 

FIGURE 

MIN 

’S409 

TYP MAX 

MIN 

S409-2 

TYP MAX 

UNIT 

Vcc 

Supply voltage 


4.75 

5.25 

4.75 

5.25 

V 

Ta 

Operating free-air temperature 


0 

75 

0 

75 

OC 

tASA 

Address setup time to ADS 

Figures 4, 5, 7, 10, 11 

15 

15 

ns 

tAHA 

Address hold time from ADS 

Figures 4, 5, 7, 10, 11 

15 

15 

ns 

tADS 

Address strobe pulse width 

Figures 4, 5, 7, 10, 11 

30 

30 

ns 

tRASINL.H 

Pulse width of RASIN during refresh 

Figure 3 

50 

50 

ns 

tRST 

Counter reset pulse width 

Figure 3 

70 

70 

ns 

tRFCKL.H 

Minimum pulse width of RFCK 

Figure 6 

100 

100 

ns 

T 

Period of RAS generator clock 

Figures 

100 

100 

ns 

tRGCKL 

Minimum pulse width low of RGCK 

Figures 

35 

35 

ns 

tRGCKH 

Minimum pulse width high of RGCK 

Figures 

35 

35 

ns 

tCSRL 

CS low to access RASI N low 

See Mode 5 description 

10 

10 

ns 

tRFSRG 

RFSH low set-up to RGCK low (Mode 1) 

See Model description 

35 

35 

ns 

tRQHRF 

RFSH hold time from RFRQ (RF I/O) 

Figures 

2T 

2T 

ns 


Electrical Characteristics: vcc = s.ov ± 5.0%, o°c < Ta < 75° c Typicals are for vcc = 5v, ta = 25 ®c. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

vc 

Input clamp voltage 

Vcc = MIN, Ic = -12mA 

-0.8 -1.2 

V 

l|H1 

Input high current for ADS, R/C only 

V|N =2.5V 

2.0 100 

mA 

l|H2 

Input high current for other inputs, except RF I/O 

V|N =2.5V 

1 .0 50 

mA 

l|RSI 

Output load current for RF I/O 

V|N = 0.5V, output high 

-1.5 -2.5 

mAV 

l|CTL 

Output load current for RAS, CAS, WE 

V|N = 0.5V, chip deselct 

-1.5 -2.5 

mA 

l|L1 

Input low current for ADS, R/0 only 

V|N =0.5V 

-0.1 -1.0 

mA 

hL2 

Input low current for other inputs, except RF I/O 

V|N =0.5V 

-0.05 -0.5 

mA 

V|L** 

Input low threshold 


0.8 

V 

V|H** 

Input high threshold 


2.0 

V 

VOLI 

Output low voltage, except RF I/O 

Iql = 20mA 

0.3 0.5 

V 

V0L2 

Output low voltage for RF I/O 

Iql =10mA 

0.3 0.5 

V 

VOHI 

Output high voltage, except RF I/O 

•oh =-1mA 

2.4 3.5 

V 

VOH2 

Output high voltage for RF I/O 

Iqh =-100iuA 

2.4 3.5 

V 

IlD 

Output high drive current, except RF I/O 

VoUT = 0.8V(Note3) 

-200 

mA 

lOD 

Output low drive current, except RF I/O 

V 0 UT = 2.7V (Note 3) 

200 

mA 

loz 

Three-state output current 
(address outputs) 

0.4V <VoUT< 2.7V, 

CS = 2.0V, Mode 4 

-50 1.0 50 

mA 

Icc 

Supply current 

Vcc =max 

250 325 

mA 

C|N 

Input capacitance ADS, R/0 

Ta = 250 c 

8 

PF 

C|N 

Input capacitance all other inputs 

Ta =25oC 

5 

PF 


* * These are absolute voltages with respect to pins 13 or 38 on the device and include all overshoots due to system or tester noise. Do not attempt to test these values 
without suitable equipment. 
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Switching Characteristics: Vcc = 5.0V± 5 . 0 %, 0°C<Ta< 75°C see Figure 12 tor test load (switches si 
and S2 are closed unless otherwise specified) typicals are for Vcc = 5V, T/v = 25°C. 


SYMBOL 

ACCESS PARAMETER 

FIGURE 

MIN 

’S409 

TYP 

MAX 

MIN 

’S409-2 

TYP 

MAX 

UNIT 

BSRMHil 

Row address held from column select 

Figure 4 

10 

10 

ns 

mmm 

RASI N to CAS output delay (Mode 5) 

Figures?, 10 

95 

125 

160 

?6 

100 

130 

ns 


RASIN to CAS output delay (Mode 6) 

Figures?, 10, 11 

80 

105 

140 

65 

90 

115 

ns 

BsnssiHi 

RASIN to CAS output delay (Mode 5) 

Figures?, 10 

50 

63 

80 

50 

63 

80 

ns 

tRICH 

RASI N to CAS output delay (Mode 6) 

Figures?, 10, 11 

40 

48 

60 

40 

48 

60 

ns 


RAS to CAS output delay (Mode 5) 

Figures?, 10 


98 

125 


75 

too 

ns 


RAS to CAS output delay (Mode 6) 

Figures?, 10,11 


?8 

105 


65 

85 

ns 


RAS to CAS output delay (Mode 5) 

Figures?, 10 


2? 

40 


2? 

40 

ns 


RAS to CAS output delay (Mode 6) 

Figures?, 10 


40 

65 


40 

65 

ns 

■SSRH 

CASIN to CAS output delay Mode 6) 

Figure 11 

40 

54 

70 

40 

54 

70 

ns 


RASIN to column address valid (Mode 5) 

Figures?, 10 


90 

120 


80 

105 

ns 


RASIN to column address valid (Mode 6) 

Figures?, 10, 11 


?5 

105 


?0 

90 

ns 


RASIN to RAS delay 

Figures4,5,?, 10,11 

20 

27 

35 

20 

2? 

35 

ns 


RASIN to RAS delay 

Figures 4, 5, ?, 10, 11 

15 

23 

32 

15 

23 

32 

ns 


Address input to output low delay 

Figures4,5,?, 10,11 


25 

40 


25 

40 

ns 


Address input to output high delay 

Figures4,5,?, 10,11 1 


25 

40 


25 

40 

ns 

ISSIBH 

Address strobe to address output low 

Figures 4,5 


40 

60 


40 

60 

ns 

tSPDH 

Address strobe to address output high 

Figures 4, 5 


40 

60 


40 

60 

ns 

tWPDL 

WIN to WE output delay 

Figures 

15 

25 

, 30 .. 

15 

25 

30 

ns 

tWPDH 

WIN to WE output delay 

Figures 

15 

30 

60 i 

15 

30 

60 

ns 

‘CRS 

CASIN setup time to RASIN high (Mode 6) 

Figure 11 

35 

35: : 

,ns, ^ 

tCPDL 

CASIN to CAS delay (R/C low in Mode 4) 

Figure 5 

32 

41 

58 

32 

41 

58 

ns 

‘CPDH 

CASIN to GAS delay 

Figure 5 

25 

39 

50 

25 

39 

50 

I , ;■ ns 

tRCC 

Column select to column address valid 

Figure 4 


40 

58 


40 

58 

! ns 

tRCR 

Row select to row address valid 

Figures 4, 5 


40 

58 


40 

58 

ns 

tRAH 

Row address hold time (Mode 5) 

Figures?, 10 

30 

••2o':::'. ' 

i ns 

tRAH 

Row address hold time (Mode 6) 

Figures?, to, 11 

20 

12 

ns 

tASC 

Column address setup time (Mode 5) 

Figures?, 10 

8 

3 

ns 

tASC 

Column address setup time (Mode 6) 

Figures ?, 10, 11 

6 

3 

ns 

tDiF1 

Maximum (tppoL ” tRHA) (Mode 4) 


15 

15 

ns 

*EiE2 , 

Maximum (tpcc — tCPDL) (Mode 4) 


15 

15 

1 ns 


SYMBOL 

REFRESH PARAMETER 

TEST CONDITIONS 

MIN 

’S409 

TYP 

MAX 

MIN 

’S409-2 

TYP 

MAX 

UNIT 


RFCK low to forced RFRQ low 

Cl = 50 pF; Figure s 


20 

30 


20 

30 

ns 


RGCK low to force RFRQ high 

Cl - 50pFi Figure s 


50 

75 


50 

75 

ns 


RGCK low to RAS low 

Figure 6 

50 

65 

95 

50 

65 

95 

ns 


RGCK low to RAS high 

Figures 

40 

60 

85 

40 

60 

85 

ns 

tRFRH 

RFSH high to RAS high 
(encoding forced RFSH) 

See Mode 1 
description 

55 

80 

110 

55 

80 

110 

ns 

tCSCT 

CS high to RFSH counter valid 

Figure 6 


56 

70 


55 

?0 

ns 

tCTL 

RF I/O low to counter outputs all low 

Figures 

100 

too 

ns 

‘RFPDL 

RASIN to RAS delay during refresh 

Figures 3, 6 

35 

50 

70 

36 

50 

?0 

ns 

tRFPDH 

RASIN to RAS delay during refresh 

Figures 3, 6 

30 

40 

55 

30 

40 

55 

ns 

tRFLCT 

RFSH low to counter address valid 

CS = X, Figures 3, 6, 8 


4? 

60 


4? 

60 

ns 

tRFHRV 

RFSH high to row address valid 

Figures 3, 6 


45 

60 


45 

60 

ns 

tROHNC 

RAS high to new count valid 

Figures 3, 8 


30 

55 


30 

55 

ns 

tRLEOG 

RASIN low to end-of^count low 

Cl - 50pF Figure 3 

80 

80 

ns 

tRHEOC 

RASIN high to end-of-count high 

Cl = SOpF; Figure 3 

80 

80 

ns 

tRGEOB 

RGCK low to end-of-burst low 

Cl = 50pFi Figure 8 

95 

95 

ns 

tMCEOB 

Mode change to end-of-burst high 

Cl = 50pR Figure 8 

?5 

75 

ns 
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Switching Characteristics: (Cont d) 


SYMBOL 

ACCESS PARAMETER 

TEST CONDITIONS 

’S409 
MIN TYP 

MAX 

S409-2 
MIN TYP 

MAX 

UNIT 


THREE-STATE PARAMETER 





tZH 

CS low to address output high from Hi 

Figures 6, 12 

R1 =3.5k. R2 = 1.5k 

35 

60 

35 

60 

ns 

tHZ 

CS high to address output Hi-Z from high 

Cl=15pR Figures 6,12 
R2 = 1k,S10pen 

20 

40 

20 

40 

ns 

tzL 

low to address output low from Hj-Z 

Figures 6, 12 

R1 =3.5k, R2 = 1.5k 

35 

60 

35 

60 

ns 

tLZ 

high to address output Hi-Z from low 

Cl = 15pF, Figures 6,13 
R1 = 1k,S2 0pen 

25 

50 

25 

50 

ns 

tHZH 

GS low to control output (WE, CAS, 

Figures 6,12 

50 

80 

50 

80 

ns 

(RASO-3) high from Hi-Z high 

R2 = 7500, SI open 

tHHZ 

CS high to control output (WE, CAS, 
(RASO-3) Hi-Z high from high 

Cl=15pF 

R2 = 7500, SI open 

40 

75 

40 

75 

ns 

tHZL 

CS low to control output (WE, CAS, 
(RASO-3) low from Hi-Z high 

Figure 12 

S1,S2 0pen 

45 

75 

45 

75 

ns 

tLHZ 

CS high to control output (WE, CAS, 
(RASO-3) Hi-Z high from low 

Cl = 15pF Figure 12 

R2 = 7500, SI open 

50 

80 

50 

80 

ns 


*lnternally the device contains a 3K resistor in series with a Schottky Diode 

to^cc- 

Note 1; Output load capacitance is typical for 4 banks of 22 DRAMs or 88 
DRAMS including trace capacitance. These values are: Q0-Q8. Cl = 500pF; 
RAS0-RAS3, Cl = 150pF; CAS Cl = 600pF unless otherwise noted. 

Note 2: All typical values are for = 25oC and Vqc = 5.0V. 

Note 3: This test is provided as a monitor of Driver output source and sink 
current capability. Caution should be exercised in testing this parameter. 
In testing these parameters, a 150 resistor should be placed in series with 
each output under test. One output should be tested at a time and test time 
should not exceed 1 second. 

Note 4: Input pulse OV to 3.0V. tp = tp - 2.5 ns. f = 2.5 MHz. tpw = 200 ns. 
Input reference point on AC measurements is 1 .5V. Output reference points 
are 2.7V for High and 0;8V for Low. 

Test Load 


OUTPUT 


RD 

UNDER O— M»V 
TEST isn 



^ TEST POINT* 



200 400 600 800 


1000 


Figure 13. Change in Propagation Deiay vs Loading 
Capacitance Relative to a 500 pF Load 


R1, R2 = 4.7K EXCEPT AS SPECIFIED. 

* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


3.01 

•nput ,,^J 

r 

♦hz 

*HHZ 

s 

0 5V 

kl” 

< 

o 

Z 

*HZH 

*ZH 

Z 

o 

> 

i 

OUTPUT » 

Vql 



t2.7V 

rO.SV ''OL 


*HZL 

*ZL 

— 

*LHZ 

»LZ 

0.5V 

— 


Figure 12. Waveform 


MemoHes 


9-96 









SN74S409/DP8409A SN74S409-2/DP8409A-2 


Applications 

The 74S409 Dynamic RAM Controller provides all the 
address and control signals necessary to access and refresh 
dynamic RAMs. Since the 74S409 is not compatible with a 
specific bus or microprocessor, an interface is often neces- 
sary between the 74S409 and the system. A general applica- 
tion using PAL to implement the interface and two additional 


chips to provide refresh clock and chip select is shown in 
Figure 14. 

The 74S409 operating modes may vary from application to 
application. For efficient refresh it is recommended to use 
mode 1 and mode 5 to take advantage of the hidden 
(transparent) refresh with forced refresh backup. 



Figure 14. 74S409 in General Application 
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ARITHMETIC ELEMENTS AND LOGIC 

SN74S381 Arithmetic Logic Unit/Function Generator ... 10-3 


10-2 


Monolithic 



Memories 




Arithmetic Logic Unit/ 
Generator 


SN74S381 


Features/ Benefits 

• A fully parallel 4-blt ALU 

• Ideally suited for high-siseeci processors 

• Generate and propagate outputs for full carry lookahead 

• Three arithmetic functions 

• Three logic functions 

• Preset and clear functions 


Description 

The ’S381 Isa Schottky TTL arithmetic logic unit (ALU)/f unction 
generator that performs eight binary arithmetic/logic operations 
on two 4-bit words as shown in the function table. These opera- 
tions are selected by the three function-select lines (SO, S1, S2). 
A full lookahead carry circuit is provided for fast, simultaneous 
carry generation by means of two cascaded outputs fP and G) for 
the four bits in the package. 


Ordering Information 


PARTNUMBER 

PACKAGE 

TEMPERATURE 

SN74S381 

N,J * 

Commercial 


Pin Configuration 

SN74S381 


Ai[7 

F— n 



— 

« Al - 

Bt A2 

— 


ao[T 

— - 

Ao B2 

— 


Bo|T 

— 

Bo A3 

— 


So[T 


So B 3 

— 


si[T 

— 

S1 Cn 

— 


S2|^ 


S2 P 



|fo|T 

— 1 

Fo G 

— 




F2 *^3 

— 



1 

5 H 


Function Tabie 


Logic Symboi 


B A 



SELECTION 

ARITHMETIC/LOGIC OPERATION 

S2 

S1 

SO 

L 

L 

L 

Clear f 

L 

L 

H 

B minus A 

L 

H 

L 

A minus B 

L 

H 

H 

A plus B 

H 

L 

L 

A©B 

H 

L 

H 

A + B 

H 

H 

L 

AB 

H 

H 

H 

Preset ft 


t Force all F outputs to be Lows, 
f t Force all F outputs to be Highs. 
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SN74S381 


Function Table 



INPUTS 

OUTPUTS 

FUNCTION 

S2 

SI 

so 

Cn 

A3 

A2 

A1 

AO 

B3 

B2 

B1 

BO 

F3 

F2 

FI 

FO 

G 

p 

Clear 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

0 

0 

0 

0 





0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 





0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

B mirius A 




0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

(Inverse 

0 

0 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

Subtraction) 



1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 




1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 





1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 





1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

0 





0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 





0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

G 

0 

1 

1 





0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

A minus B 


1 


0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

(Subtract) 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 





1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 





1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 





1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

0 





0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 





0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 





0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 

A plus B 


1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

(Add) 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

h ^ 

1 





1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

\ ■ 1 

0 





1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

r .1 

0 





1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 


Function Table 



INPUTS 

OUTPUTS 

FUNCTION 

S2 

SI 

so 

Cn 

A3 

A2 

A1 

AO 

B3 

B2 

B1 

BO 

F3 

F2 

FI 

FO 

A0B 




X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

X 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

(OR) 



u 

X 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 





X 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 





X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

aQb 

1 

0 

1 

X 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

(XOR) 


X 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 





X 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 





X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A*B 

1 

1 

n 

X 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

(AND) 

Ki 

X 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 





X 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 





X 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

Preset 

1 

1 

1 

X 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

X 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 





X 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 = HIGH voltage level 
0 = LOW voltage level 
X = Don’t care 
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SN74S381 


Absolute Maximum Ratings 

Supply voltage Vqq ..... .... .7 V 

Input voltage 5.5 V 

Storage temperature range .^ -65® to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MiN 

COMMERCiAL 

TYP 

MAX 

UNIT 


Supply voltage 

4.75 

5 

5.25 

V 

Ta 

Operating free-air temperature 

0 


75 

OQ 


Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

V|L 

Low-level 
input voltage 


0.8 

V 

V|H 

High-level 
input voltage 


2 

V 

V|C 

Input clamp 
voltage 

Vqq = MIN 

l| = -18 mA 

-1.2 

V 


Low-level 
input current 



Any S Input 

. -2 , 


l|L 

Vcc = max 

V| = 0.5V 

Cn 

-8 

mA 




All others 

-6 



High-level 
input current 



Any S input 



l|H 

Vqc = MAX 

V| = 2.7V 

On 

250 

mA 




Air others 

200 


l| 

Maximum 
input current 

Vcc = max 

V| = 5.5V 


mA 

_J 

o 

> 

Low-Level 
output voltage 

Vcc = 

V|L = 0.8 V 

■ 

< 

>1 
CM CM 

II II 

>^P 

0.5 

V 

VqH 

High-level 
output voltage 

Vqq > MIN 
V|L = 0.8 V 

< 

CM 1 

II II 

I I 
> P 

2.7 

3.4 


V 

•os 

Output short- 
circuit current* 

Vcc = MAX 


-40 


-100 

mA 

•cc 

Supply current 

Vqq = MAX 


105 


160 

mA 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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SN74S381 


Switching Characteristics vcc = s v, ta ^ 25 °c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Interface Test Load/Waveforms) 

FROM 

(INPUT) 

TO 

(OUTPUT) 

74S381 
TYP MAX 

UNIT 


Propagation delay time 


C 

Any F 

10 

17 

ns 


Propagation delay time 


Any A or B 

G 

12 

20 

ns 

^P 

Propagation delay time 


Any A or B 

P 

11 

18 

ns 

*PLH 

Propagation delay, 
low-to-high 

C|_ = 15pF RL = 280n 

Any A or B 

Any F 

18 

27 

ns 

*PHL 

Propagation delay, 
high-to-low 


16 

25 

ns 

tp 

Propagation delay time 


Any S 

Any F.G.P 

18 

30 

ns 


Test Load 



* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 
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16-BIT ALU (USING 74S381) 

74S381 



MAXIMUM DELAY OF ADDITION/SUBTRACTION. 



74S381 + 74S182 

1-4 bits 

27ns 

5-1 6 bits 

44ns 

17-64 bits 

64ns 
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Cray Multipliers 









Five Hew Ways to Go Forth and Multiply 

Chuck Hastings 


Our Multiplier Population Explosion 

Recently it has seemed as if every time you turned around 
Monolithic Memories was announcing another new multiplier. 
Want to catch your breath, and find out where each of these fits 
into the overall scheme of things? Read on. 


You will notice that the above parts fall into two categories: 
flow-through Cray multipliers, and bus-oriented sequential mul- 
tiplier/dividers. Although all of these parts get referred to rather 
casually as “multipliers,” there are major differences between 
the two general types; see Table 1 below. 


Actually, there have been five new multipliers in ail within the last 
three years, plus two which had previously been available for 
several years. In time order of introduction, these are: 

Parts No. Description^ 

57/67558 150-nsec 8x8 Flow-Through Cray Multiplier^ 

57/67558-1 125-nsec 8x8 Flow-Through Cray Multiplier^ 

54/74S508 8-Bit Bus-Oriented Sequential Multiplier/ 

Divider 

54/74S558 60-nsec 8x8 Flow-Through Cray Multiplier 

54/74S557 60-nsec 8x8 Flow-Through Cray Multiplier with 

Transparent Output Latches 

54/74S516 16-Bit Bus-Oriented Sequential Multiplier/ 

Divider 


54/74S556 90-nseC 16x16 Flow-Through Cray Multiplier 
with Transparent Input and Output Latches for 
full 32-bit output 


NOTES: A. Times are worst-case times for commercial-temperature-range 
parts. 

B. Obsolete. 54/74S558 replaces these in both new and existing 
designs. 


The Cray Multipliers 

The essential idea of a Cray multiplier, as originally put 
together by Seymour Cray in the late 1950s with discrete 
logic at Control Data Corporation, is to wire up an array of full 
adders In the form of a binary-arithmetic-multiplication 
pencil-and-paper example.^ That Is, everywhere that there 
is a “1” or a “0” in a longhand binary-multiplication exam- 
ple, the Cray type of multiplication uses a full adder. One 
may visualize a Cray multiplier functionally as a “diamond;’ 
as follows: 


MULTIPLICAND 



Figure 1. Pencil-and- Paper Analogy to Cray- Multiplier Operation 



Flow-Through Cray Multiplier 

Bus-Oriented Sequential Multiplier/Divider 

Role in 
System 

Building-block role — as many as 34 parts used in one super- 
minicomputer (NORD-5QO from Norsk Data’). 

Co-processor ro/e — one, or occasionally two, parts used in 
one microcomputer^. 

Internal 

Operation 

Static arithmetic-logic network; multiplies without being 
clocked? using eight bits of the multiplier at a time. 

State machine; requires clocking to operate; contains edge- 
triggered registers; sequenced by a state counter; multiplies 
using two bits of the multiplier at a time^ 

External 

Control 

Controlled by several mode-control input signals. 

Controlled by sequences of micro-opcodes which come from 
a microprocessor, a registered PAL, or some other sequential- 
control device. 

Package 

40-pin DIP {’S557/8): 84-pin LCC or 88-pin PGA (’S556) 

24-pln DIP. 

Operations 

Performed 

Can only perform multiplication. 

Can perform multiplication, division, and multiplication-with- 
accumulation. 

Storage 

Capabilities 

Either no storage capabilities (’558 types), or optional storage 
for the double-length product only (’557 type), or full 
product and input storage (’556 type). 

Four full-length registers; capable of storing both input oper- 
ands and the double-length product. 

Second 

Sources 

8x8, Multiple-sourced (AMD, Fairchild, Monolithic Memories). 

Sole-sourced; only bipolar dividers on the market. 

Where 

Used 

Initial usage has been in high-end minicomputers, array pro- 
cessors, and signal processors. 

Initial usage has been in industrial-control microcomputers, 
digital modems, military avionics, CRT graphic systems, video 
games, and cartographic analysis systems. 

Future 

Prospects 

Potential large market today since these parts are now low- 
cost and multiple-sourced, and should be used in a// new mini- 
computer designs! 

Potential huge world-wide market for enhancement of micro- 
processor, bit-slice processor, and microcomputer capabilities, 
and for small-scale signal processing! 

Table 1. A comparison of the two types of Monolithic Memories Multipliers 
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Our 57/67558, introduced in the mid-1970s, was the original 
single-chip Cray multiplier. To achieve what was for that time 
very high performance for a Schottky-TTL-technology part, the 
internal design of the 57/67558 also exploited other speed-freak 
multiplication techniques such as Booth multiplication"^ and 
Wallace-T ree addition®. All of these techniques achieve increased 
speed through extensive parallelism, and can be used at the 
system level as well as within LSI components. Subsequently, 
process improvements made it possible to offer a faster final-test 
option, the 57/67550-1, which attained a sales-volume level 
essentially equal to that of the original part. 

About five years ago, AMD paid us the sincere compliment 
of second-sourcing these parts with the 75-nsec 25S558. Three 
years ago, we returned the compliment with the 60-nsec 
54/74S558. AH of these '558 parts, and the 70-nsec 54/74F558 
announced by Fairchild, are fully compatible drop-in equival- 
ents except for the variations in logic delay. 



When AMD introduced the 25S558, they introduced along 
with it the 80-nsec 25S657, a “metal option" of the same 
basic design with “transparent” output latches to hold the 
double-length product. “Transparent” means that the latches 
go away when you don’t want them there; a latch-control line 
like that of the 54/74S373 controls whether these output 
latches store information, or simply behave as output buffers. 
Anyway, when we introduced our 54/743558, we followed it 
within a few weeks with the 60-nsec 54/743557, which is a 
much faster drop-in replacement for AMD’s part. And subse- 
quently, Fairchild has announced a 70-nsec 54/74F557. 

Because AMD’s ‘3557 has the output latches imple- 
mented in TTL technology after the ECL-to-TTL converters, 
whereas our ‘3557 has them implemented in ECL technology 
before the conversion, the latches operate much faster in 
ours. Our ‘3557 is typically only about a nanosecond slower 
than our ‘3558, whereas the logic-delay difference between 
AMD’s two parts is considerably greater. Consequently, our 
margin of superiority over AMD for the ‘3557 is even greater 
than for the ‘3558. 

More recently, we introduced the 90-nsec ’3556, which is a 
16x16 direct size-upgrade of the ’3557/8 architecture, with the 
addition of input latches. In a “pipelined” mode, an ’3556 can 
produce a new 32-bit product every 75 nsec. 

’3557/8 Cray multipliers come in a40-pin dual-inline package, 
either ceramic or plastic. Worst-case power-supply current Is 
280 mA. The ’3556 comes in your choice of an 84-pin LCG 
(Leadless Chip Carrier) or an 88-pin PGA (Pin-Grid Array) 
package. Worst-case power-supply current is 800 mA (900 mA 
over military temperature range). The data-bus outputs can sink 
up to 8 mA loL. ^or all of these multipliers. 


References 5 and 6 discuss technical approaches to using Cray 
multipliers in high-performance minicomputers. The ’3558, 
together with PROMs organized in a “Wallace-tree ” configu- 
ration, can sail right along at the rate of four 56x56 multipli- 
cations every microsecond, on the basis of fixed-point 
arithmetic with no renormalization. (3ee table 7 on page 16 
of reference 5; the multiplication time is 238 nsec for a “divi- 
sion step” which is a fixed-point multiplication, and 319 nsec 
for a floating-point multiplication where extra time is required 
for renormalization and correction of the exponent Of the 
product.) 34 ‘3558s or ‘3557s are required to perform this 
multiplication if the computer system architecture does not 
call for the computation of the least-significant half of the 
double-length product; 49 are required if it does. 



Rt6HT ALONG at THE we OF FOUR 56 X 56 
MULtIPUCATIOMS EVERY microsecond. " 

The “local” architecture of the multiplier section of a digi- 
tal system can take two rather different forms. A minicom- 
puter? which executes an unpredictable mixture of arithmetic 
and logical Instructions one after the other, typically needs to 
be able to get the complete multiplication over and done with 
before going on to the next program step— which is proba- 
bly not another multiplication. An array processor or digital 
correlator, however, tends to do very regular iterative compu- 
tations; and the performance of such a system can often be 
greatly increased by a technique calidd “pipelining’’ in which 
the arithmetic unit consists of stages with registers or latches 
in between each stage, and partial computational results 
move from one stage to the next on each clock. 

The ‘flow-through” architecture of the ‘3558 works 
equally well in synchronous or asynchronous pipelined sys- 
tems, but registers or latches must be provided externally. 
The ‘3557, however, is actually a superset of the ‘3558, and 
the added internal-output-latch feature adapts it particularly 
well to pipelined systems. The ’3556 provides latches atbofft ends. 
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Even a smaller-scale system can make effective use of these 
parts. To return to the case of 56x56 multiplication, which cor- 
responds to the word-length needed for multiplying mantissas 
in several popular floating-point-number formats, an iterative 
clocked scheme using just seven 8x8 multipliers, some adders, 
and an accumulator register can form the entire 11 2-bit double- 
length product in just seven multiply/add cycles. A number of 
mid-range minicomputers today multiply in this manner. The 
multipliers are configured as suggested by the following block 
diagram: 


8-BIT PORTION 56-BIT 

OF MULTIPLIER MULTIPLICAND 



There is even an occasional 8-bit or 16-bit microprocessor- 
based system with a need for very fast multiplication, where 
’S557/8S or ’S556s may get used as microprocessor peripher- 
als^®. Digital-video systems, in particular electronic games, with 
“vector graphic” capabilities are one example. 

The world of ’S556/7/8 applications has turned out to include 
all sizes of minicomputers, digital video systems, and signal 
processors — FFT (Fast Fourier Transform) processors, voice 
recognition equipment, radar systems, digital correlators and 
filters, electronic seismographs, brain and body scanners, and 
so forth. And there are many unexpected off-beat applications, 
such as real-time data-rescaling circuits in instruments, alto- 
gether too numerous to list here. After all, an’S556 can multiply 
two 16-bit numbers together and output their entire 32-bit pro- 
duct in 90 nsec worst case... less time than it would take a 
speeding bullet to move the distance equal to the thickness of 
this piece of paper. How’s that for Supermultiplier? 

The Multiplier/Dividers 

The Monolithic Memories ‘S516 and ‘S508 are state-of-the- 
art TTL-compatible intelligent peripherals for micropro- 
cessors, somewhere between arithmetic sequential circuits 
and specialized bipolar microprocessors. The ‘S516 and 
‘S508 each can perform any of 28 different multiply and 
multiply-and-accumulate instructions, plus any of 13 differ- 
ent divide instructions, at bipolar speeds under the control 
of an internal state counter, (See Figure 2 of the ‘S516 data 
sheet.) The state counter’s sequence is in turn guided by 3-bit 
instruction codes which are external inputs to the ‘S5 16/508. 
The ‘S5t6 computes with 16-bit binary numbers, and the ‘S508 
computes with 8-bit binary numbers, as the part numbers none- 
too-subtly imply. 

A 16-bit bi-directional data bus connects the ‘S516 with 
the outside world for bringing in multipliers, multiplicands, 
dividends, and divisors: and returning products, quotients 
and remainders. It also has clock (GK) and run/wait (GO) 
inputs, and an overflow indication (OVR) output. 


The ‘S508 has all of the above inputs and outputs also, 
except that It has only an 8-bit bidirectional data bus. Since 
it comes in the same 24-pin package as the ‘S516, it obvi- 
ously has eight more pins available for other purposes. Four 
of these are used to bring out the internal -state-c ounter 
value; one each is used for a completion (DONE) status 
output, an output-enable control (OE) input, and a master- 
reset (MR) control input; and one is not used at all. 

A simple, general interfacing scheme can be used to team 
a ‘S516 with any of the currently popular 16-blt microprocessors, or 
an ‘S508 with any &-bit microprocessor. (See Figure 7 of the‘S516 
data sheet.) With a couple extra interface circuits, an‘S516 can 
also be interfaced to an 8-bit microprocessor.Particularly if the 
system software is written in a highly-structured language such 
as PASCAL or FORTH, an ‘S51 6/508 can be retrofitted into an 
existing system with a large gain in performance and very little 
impact on either hardware or software — calls to the previous 
software-implemented one-step-at-a-time multiply and divide 
subroutines are simply rerouted to substitute a command from 
the microprocessor to the ‘S51 6/508 to accept an operand and 
start its operation sequence. 

The ‘S516 and ‘S508 are In fact two different “metal 
options” of one basic design; the ‘S516 has twice as many 
data bits in each internal register. The ‘S516 and ‘S508 both 
have a worst-case clock rate of 6 MHz (commercial) or 5 
MHz (military); the typical rate is 8 MHz. The simplest com- 
plete twos-complement 16x16 multiplication instruction can 
be performed in nine clock cycles by an ‘S516, or in five by 
an ‘S508, since 2-bits-at-a-time Booth multiplication is 
used;'* thus, the worst-case time required by the ‘S516 to 
multiply in this mode is 1.5 jusec for a commercial part, and 
for an ‘S508 it is 833 nsec. Qn the same basis, 32/16 division 
can be done in 21 clock cycles, or 3.5 |isec worst-case, by an 
‘S516; and 16/8 division can be done in 13 clock cycles, or 
2.2 jLisec worst-case, by an ‘S508. 

An ‘S51 6/508 can perform either positive or negative mul- 
tiplication or multiply-accumulation, and many of the instruc- 
tions provide for “chaining” of successive computations to 
eliminate extra operand transfers on the bus; these features 
further enhance the computational speed of the ‘S516/508 
in particular applications. Arithmetic can be either integer or 
fractional with respect to positioning of the results. 

An ‘S516 can powerfully enhance the capabilities of any 
present-day 16-bit or 8-bit microprocessor in a compute- 
bound application. In fact, it can be used in any digital system 
where there is a need to multiply and divide on a bus. An 
‘S508 can likewise enhance the capabilities of any 8-bit 
microprocessor. 
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The 3516 comes In an industry-standard 600-mil 24-pin 
dual-inline package, modified to include an Integral alumi- 
num heatsink which does not add appreciably to the package 
height It requires only +5V and ground power connections, 
and draws a worst-case power-supply current of 450mA 
(commercial) or 500mA (military). Power consumption is 
greatest at cold temperatures, and decreases substantially as 
operating temperature increases. The 16 databus inputs 
require at most 0,25mA input current; the other inputs 
require at most 1mA. The 16 databus outputs can sink up to 
8mA loL- The ‘S508 also fits the above description, except 
that its worst-case power-supply current is 380mA (commer- 
cial) or 400mA (military), and it has only 8 databus inputs 
and outputs. 

In describing applications of these parts, it is difficult to know 
where to start — they can be used in almost any design where a 
microprocessor can be used, and you know how many places 
that is today. So, perhaps a good starting point is to see what 
uses customers have thought up all by themselves. One customer 
even used two ‘S516s in “pingpong” mode on a single 16-bit bus! 
So, rather than merely speculating as to what these parts might 
be good for, here’s a list of what Monolithic Memories’s cus- 
tomers have already proven they are good for: 

• Real-time control of heavy machinery^ 

• Low-cost, high-performance digital modems 

• CRT graphics, including video games 

• Military avionics 

• Cartographic analysis 

As it happens, the above are ‘S516 applications, except 
that digital modem designs have been done with both the 
’S516 and the ’S508. Several of the ’S51 6 designs are already In 
production. In each of these applications, the microprocessor 
could have coped all right with the computational complexi- 
ty, albeit at its own less-^than-tremendous speed, but a ‘S516 
used together with the microprocessor can provide extra 
muscle for h'andling formidable problems. 



Competition? Well, since there are no second sources for 
the ‘S516, and no competitor at present has a similar fast part 
capable of performing division as well as multiplication, right 
now the ‘S516 has no of/rect competition. Indirectly, there are 
some competing parts which perform only multiplication, and 
would have to perform division by Newton -Raphson iteration 
to be usable for any application where division is required. 
However, the ‘S516 is (as far as we know) by far the lowest- 


priced b/po/ar16-bit multiplier, and the other microprocessor 
peripheral chips which can perform division as well as multi- 
plication are relatively-slow MOS devices. In one case, an 
8-bit cascadable CMOS part requires a 50% reduction in 
clock rate to do 16-bit arithmetic. And considerable numer- 
ical-analysis and programming sophistication are required to 
implement Newton-Raphson division with fixed-point oper- 
ands. (It’s easier with floating-point operands.) In contrast, 
the ‘S51 6/508 can be easily interfaced to almost any micro- 
processor using one or two PALs,® and can perform either 
multiplication or division on command? 

The ‘S516 is so much faster than the competing MOS 
chips that it can even take them on for floating-point compu- 
tations (which some of them are designed to do) and win . A 
conference paper''® describes the design of an ’S516-based 
S-100-bus card capable of beating an Intel 8087 2:1 on 
floating-point arithmetic. 

Some competing parts, in particular the AMI 2811 and 
Nippon Electric juPD7720, include an on-board ROM which 
must be mask-programmed at the factory, which makes life 
difficult for small companies (or even larger ones) which are 
trying to get a microprocessor-based product to market 
quickly. Also, some competing parts require sequencing by 
external TTL jellybeans. 

And, as for using AMD/TRW 64-pin 16x16 Cray multiplier 
chips as microprocessor peripherals, these cost much more 
than the ‘S516, occupy about three times the circuit-board 
space, multiply faster don’t divide at ail except by Newton- 
Raphson iteration, and also require one or two “overhead ” 
microprocessor instructions to interface for a given arithme- 
tic operation. From a system viewpoint, when this overhead 
time is reckoned with, these chips provide little actual gain in 
multiply performance over the ‘S516 at lots of extra cost, and 
an actual loss in divide performance: the ‘S516 Is much more 
cost-effective overall. 

‘S516s potentially fit into many, many places in commer- 
cial, industrial, and military electronics, particularly into 
small-scale real-time systems. The part is fast enough to 
enhance the performance of a 16-bit Motorola 68000, Zilog 
Z8000, or Intel 8086, as well as that of any 8-blt micropro- 
cessor. It is also fast enough to considerably improve the mul- 
tiplication and division performance of 16-bit 2901 -based 
“bit-slice ” bipolar microcomputers, which are often used as 
processors in desktop graphics CRT terminals. 

It is worth bringing the ‘S516 to the attention of any 
designer who is developing: 

• A personal computer or small business computer. 

• A word processor or a more grandiose “office automation 
system’.’ 

• A cruise missile, or any other “smart weapon!’ 

• A digital modem. 

• A small-scale speech -processing system. (These are very 
multiplication-intensive. We have one magazine article on 
the ’S516 in such an application!'') 

• A smart instrument, which does data conversion. 

• An industrial control system, particularly one which must 
do many coordinate transformations. 

• An all-digital studio-quality high-fidelity system. 

• A cost-reduced computerized medical scanning system. 

• A multiprocessor system for scientific computationsl^) 

If an 3516/508 is introduced into a system configured 
around an older microprocessor as a ‘‘co-processor ” or 
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helpmate for the microprocessor, and the application is 
arithmetic-intensive, the end effect can be a major upgrad- 
ing Of performance at the system level. ^ ^ Consequently, a 
major reason for designing these parts in is microprocessor 
life-cycle enhancement. In particular, many MOS micropro- 
cessors have single- length and double-length add and sub- 
tract instructions: but either they have no multiply or divide 
instructions at all, or else they perform their multiply and 
divide instructions so slowly as to jeopardize the abilify of the 
entire system to handle its computing load in real time. 

So picture, if you will, the entrepreneur or chief engineer 
of a firm making a successful microprocessor-based widget 
which has been on the market for a few months, which uses 
an older 8-bit microprocessor such as a 6800 or 8085 or Z80. 
Just when his/her sales are really taking off, here comes a 
new start-up competitor with a similar system, using a 
Motorola 68000, with added features and faster performance 
made possible by the 68000’S 16-bit word length and 
multiply/divide capabilities. The ‘S516 can, in this instance, 
serve as a “great equalizer ” — it can be retrofitted into the 
older system as previously described, and provides even 
higher-speed multiplication and division than the 68000. 
(Enough so, actually, that there are designers using the ‘S516 
with the 68000.) Thus, the 8516 can dramatically extend the 
life cycle of existing microcomputer systems based on 
microprocessors which either don’t have multiplication and 
division instructions, or perform these operations relatively 
slowly. 



" ... TH6'S516 CAN DRAMATICALLV gXTCND THE UFHE 
CVCte OP eXJSTANO microcomputer system?! based on 
MICROPROCESSORS WHICH EITHER PON T HAVE MULTIPLICATION 
AND DIVISION INSTRUCTIONS, OR PERFORM TMESE 
OPERATIONS RELATIVELV SLOWLY... " 


‘S508s are somewhat easier to control from a logic-design 
viewpoint than 'S516s, purely because they have more con- 
trol inputs and outputs. However, the shorter 8508 word 
length makes the part naturally fit into smaller-scale systems 
than those which might use an ‘8516. Essentially, the ‘8508 
is optimized for small-scale systems. 

Now that you know what these parts are, can’t you think of 
at least half a dozen prime uses for them right in your own 
backyard? 
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16 x 16 Multiplier/Divider 

SN74S516 


Featuras/Benefits 

• Co-processor for enhancing the arithmetic speed of aii 
present 16-bit and 8-bit microprocessors 

• Bus-oriented organization 

• 24-pin package 

• 16/16 or 32/16 division in iess than 3.5 /usec 

• 16x16 multipiication in iess than 1.5 

• 28 different muitipiication instructions such as “fractionai 
muitipiy and accumulate” 

• 13 different divide instructions 

• Self-contained and microprogrammable 

Description 

The SN74S516 (’S516) is a bus-organized 16x16 Multiplier/ 
Divider. The device provides both multiplication and division of 
2s-complement 16-bit numbers at high speed. There are 28 
different multiply options, including: positive and negative 
multiply, positive and negative accumulation, multiplication by a 
constant, and both single-length and double-length addition in 
conjunction with multiplication. 13 different divide options allow 
single-length or double-length division, division of a previously- 
generated result, division by a constant, and continued division 
of a remainder or quotient. 

The ‘S516 is a time-sequenced device requiring a single clock. It 
loads operands from, and presents results to, a bidirectional 
16-bit bus. Loading of the operands, reading of the results, and 
sequential control of the device is performed by a 3-bit 
instruction field. 

The ‘S516 has the additional feature that operands and results 
can be either integers or fractions; when it deals with fractions, 
automatic scaling occurs. Results can be rounded if required, 
and an Overflow output indicates whenever a result is outside 
the normally-accepted number range. 

For a simple multiplication of two operands the device takes 
nine clock periods — one for initialization, and eight for the 
actual muitipiication. A realistic clock period is 167 ns, which 
gives a multiplication time of 13^ ns typical for 16x16 multipli- 
cation, plus 167 ns additionally for initialization, or 1500 ns in 
all. More complex multiplications will take additional clock 
periods for loading the additional operands. A simple division 
operation requires 16 + 4 = 20 Clock periods for a typical time of 
3.333 ns (32 bits/16 bits), also plus 167 ns for initialization, or 
3500 ns in all. 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

SN74S516 

24T 

Commercial 


Logic Symbol 



Pin Configuration 



SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, C A 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN74S516 


INSTRUCTION 

SEQUENCE 

OPERATION 

CLOCK 

CYCLES 

ARITHMETIC OPERATIONS | 




0 

XI • Y 

9 




1 

-XI • Y 

9 




2 

X1 • Y + Kz, Kyy 

9 




3 

-X1 • Y + Kz, Kyy 

9 




4 

Kz- Kyy/X1 

21 



5/6 

0 

X • Y 

10 



5/6 

1 

-X • Y 

10 



5/6 

2 

X • Y + Kz. Kyy 

10 



5/6 

3 

-X • Y + Kz.Kyy 

10 



5/6 

4 

Kyy/X 

22 



5/6 

5 

Kz/X 

22 


5/6 

6 

0 

X-Y + Z 

11 


5/6 

6 

1 

-X • Y + Z 

11 


5/6 

6 

2 

X • Y + Kz •2"^® 

11 


5/6 

6 

3 

-X-Y + Kz -2- ■'6 

11 


5/6 

6 

4 

Z, W/X 

23 


5/6 

6 

5 

Z/X 

23 

5/6 

6 

6 

0 

X • Y + Z. W 

12 

5/6 

6 

6 


-X-Y + Z,W 

12 

5/6 

6 

6 

^2 

X-Y + Wsjgn 

12 

5/6 

6 

6 

3 

-X • Y + Wgjgn 

12 

5/6 

6 

6 

4 

W/X 

24 

5/6 

6 

6 

5 

Wsign/X 

24 

5/6 

6 

6 

6 

(See Note 9 below.) 

— 

5/6 

6 

6 

7 

Load X, Load Z, Load W, Clear Z 

4 


5/6 

6 

7 

Load X, Load Z, Read Z 

3 

READING OPERATIONS | 




7 

Read Z 

1 



7 

7 

Read Z, W 

2 


7 

7 

7 

Read Z, W, Z 

3 

7 

7 

7 

7 

Read Z, W, Z, W 

4 



5 

7 

Round, then Read Z 

2 


5 

7 

7 

Round, then Read Z, W 

3 


NOTES: 

1. X,Y are input muftiplier and multiplicand. 

2. XI is the previous contents of the first rankof the X register (either the old X 
or a new X). 

3. Fractional or integer arithmetic is specified by having the next-to-the-last 
operand loaded using a 5 or 6 instruction respectively. All rows beginning 
with ‘‘5/6’’ in effect represent two instructions. 5 does fractional arithmetic 
and 6 does integer arithmetic. 

4. Z. W is 3 double-precision number. Z is the most significant haIf.Z, W 
represents addend upon input, and product (or accumulated sum) after 
multiplication. 

5. Kz, Ky^ represents previous accumulator contents. is the most-signifi- 
cant half. 

6. Wgign is a single^length signed number, with sign extension. 

7. Maximum clock cycle = 167 ns for an 6-MHz clock. 

8. If n instruction codes are shown at the left under “instruction sequences,” 
the number of clock cycles at the right is n+8 for multiplication and n+20 
for division. 

9. The code “5/6 6 6 6” represents an incomplete operation since it leaves 
the ‘S516 in state 1 rather than in state 0, 8, or 10. 

Figure 1. ’S516 Instruction Set (Partial List) 


SUMMARY OF SIGNALS/PINS 

B15-B0 

Bidirectional data bus inputs/outputs 

•2"*0 

Instruction (sequential control) input 

CK 

Clock pulse Input 


Chip activation input 

OVR 

Arithmetic overflow output 


Description (continued) 

The ‘S516 device uses standard low-power Schottky technology, 
requires a single +5V power supply, and is fully TTL compatible. 
Bus inputs require at most 250 nA Input current, and control and 
clock inputs require at most 1 mA input current. Bus outputs are 
three-state, and are capable of sinking 8 mA at the low logic 
level. The ‘S516 is available in both commercial-temperature 
and military-temperature ranges, in a 600-mil 24-pin dual-in-line 
ceramic package. 


Device Operation 

The ‘S516 contains four 16-bit working registers. Y Is the 
multiplier register; X is the multiplicand and divisor register; W is 
the least-significant half of a double-length accumulator, and 
holds the least-significant half of the product after a multipli- 
cation operation, or the remainder after a division operation; and 
Z is the most-significant half of this same accumulator. In 
addition to these registers, there is a high-speed arithmetic unit 
which performs addition, subtraction, and shifting steps in order 
to accomplish the various arithmetic operations; a loading 
sequencer; and a PLA control network. 

Operands are loaded into the working registers in time sequence 
at each clock period, under the control of this sequencer. The 
chip-activation signal GO must be LOW in order to begin the 
loading process and continue to the next step in the loading 
operation. If GO is continually held HIGH, the ‘S516 remains in 
a wait state with its outputs held in their high-impedance states, 
so that the other devices attached to the bus may drive it. In 
this condition, the ‘S516 does not respond to any codes on its 
instruction inputs; In effect. It does not “wake up” until GO goes 
LOW. Also, GO may change only when the clock input OK is 
HIGH. After all of the operands are loaded, the ‘S516 jumps to 
the multiply routine, or to the divide routine, and performs the 
required operations as indicated in Figure 1. After 9 clock 
periods for a simple multiply or 21 clock periods for a simple 
divide, for example, the result is placed on the bus in 
time sequence. 
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KEY: 

The numbers inside the circles indicate the sfafe of the ‘S516 
multiplier/divider. These states are represented by a four-bit 
state counter, where A is the least-significant bit of this state 
counter and D is the most-significant bit. (These four bits are 
not available externally on the ‘S51 6.) 

The next state of the ‘S516 is a function of the present state and 
the instruction lines. For example if the ‘S516 is at state 0 and the 
instruction is 0, 1, 2, or 3, then the next state is state 4 (multiply 
instruction): if the Instruction is 4, the next state is state 5 (divide 
instruction); and so forth. The instructions which take the ‘S516 


from one state to another are indicated by the numbers written 
next to the state-transition path lines. “0123," for instance, 
implies that any of instructions 0, 1, 2, or 3 will take the ‘S516 
along the path marked “0123.” 

“X” next to a path implies that the path will be followed 
regardless of the value of the instruction inputs at that time. In 
other words, for the purpose of state transitions, X means “don’t 
care.” There are cases, however, where the particular instruction 
used may affect when the contents of the registers are available 
on the bus — see Figures 9 and 10 for contrasting examples of 
how this effect operates. 


Figure 2. Transition Diagram for the ’S516 Multiplier/Divider 
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Figures 3 and 4 show the codes and durations for the 41 
different possible arithmetic operations. These operations can 
be concatenated in strings to perform complicated 2s-com- 


plement arithmetic operations at high-speed. Rounding and 
reading of results can be performed after any operation. 
Figure 5 is a block diagram of the ‘S516 16x16 Multiplier/Divider. 

(continued page after next) 


TIME-SLOT 


OPERATION 


XI • Y 


XI -Y + Kz, Kw 
-XI -Y+Kz.Kw 


X-Y + Kz, Kw 


-X-Y + Kz.Kw 


X- Y + Kz -2-'>6 
-X • Y + Kz - 2 -^^ 


INS CODE 0 
BUS Y 
INS CODE 1 
BUS Y 
INS CODE 2 
BUS Y 
INS CODE 3 
BUS Y 
INS CODE 5/6 
BUS X 
INS CODE 5/6 
BUS X 
INS CODE 5/6 
BUS X 
INS CODE 5/6 
BUS X 
INS CODE 5/6 
BUS X 
INS CODE 5/6 
BUS X 
INS CODE 5/6 
BUS X 
INS CODE 5/6 


MULTIPLY 


X • Y + Z, W 

INS CODE 

BUS 

5/6 6 6 0 

X Z W Y 

MULTIPLY 

-X • Y + Z. W 

INS CODE 

BUS 

5/6 6 6 1 

X Z W Y 

MULTIPLY 

X-Y + Wsign 

INS CODE 

BUS 

5/6 6 6 2 

X — W Y 

MULTIPLY 

-X • Y + Wgjgn 

INS CODE 

BUS 

5/6 6 6 3 

X — W Y 

MULTIPLY 


NOTES: 1) XI is the previous cqntents of the first rank of the X register (either old X or a new X). 

2) • 2"^® is a single-length signed number comprising the most-significant half of the previous double-length product and 
here gets added in at the least-significant end of the new result. 

3) Wgjgp is a single-length signed number, with sign-extension as needed. 

4) Fractional or integer arithmetic is specified by having the next-to-the-last operand loaded using a 5 or 6 instruction 
respectively. All rows beginning with "5/6" in effect represent two instructions. 5 does fractional arithmetic and 6 does 
integer arithmetic. 


Figure 3. Multiplication Codes and Times for 16x16 Multiplication in the ’S516 
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NOTES; 1) X1 is the previous contents of the first rank of the X register (either old X or a new X). 

2) Fractional division divides a 32-bit 2s-complement number in 1 clock period less than integer division. 

3) Wgjgn is a single-length signed number, with sign-extension as needed. 

4) Division operation Wgjg^/X requires that the Z register be initialized with all-zero contents at the time Z is loaded. 

5) Fractional or integer arithmetic is specified by having the next-to-the-last operand loaded using a 5 or 6 instruction respectively. All rows 
beginning with “5/6” in effect represent two instructions, one of which does fractional arithmetic and one of which does integer arithmetic. 

Figure 4. Division Codes and Times for 32/16 Division in ’S51 6 
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Figure 5. internai Architecture of the ’S516 
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Initialization 

The ’S51 6 has no direct master reset input. However, initialization 
of the ’S516 can easily be performed by continually presenting 
instruction code 7, which after a maximum of 21 clock periods 
forces the machine back to state 0. 

Multiplication 

The ‘S516 provides 2s-complement 16-bit multiplication, and can 
also accumulate previously-generated double-length products. 
No time penalty is incurred for accumulation, since the 
machine accumulates while the multiplication operation is 
proceeding. In addition to accumulation, the device can add 
into a product either a single-length or a double-length number. 
It can also use a previously-loaded operand as a constant, so 
that constant multiplication and accumulation is possible. 

One key feature is the ability to perform both positive multi- 
plications and negative multiplications, again without any speed 
penalty. This feature allows complex-arithmetic muitiplications 
to be programmed with very little overhead. Another important 
feature is the ability to work with either fractions or integers. 

Division 

The ‘S516 also provides a range of division operations. A 
double-length number in Z,W is divided by X; the result Q is 
stored in Z, and the remainder R in W. Again all numbers are in 
the 2s-complement number representation, with the most 
significant bit of an operand (whether single-length or double- 
length) having a negative weight. In order to facilitate repeated 
division, with the multiple-length quotient always keeping the 
same sign, the remainder is always the same sign as the dividend. 
Fractional or integer operation is possible, and division and 
multiplication operations can be concatenated. For example, 
the operations (AxB)/C, (A + B)/C can easily be performed. The 
dividend can be any previously-generated result — product, 
quotient, or remainder; or it may be a double-length or single- 
length signed operand. 

Reading Results 

The result of an arithmetic operation, or of a string of operations, 
can be read onto the 1 6-bit bus if the machine is at the end of an 
operation or at the start of a new sequence. The read operation 
requires that the GO signal be held LOW so that the Information 
is read out onto the bidirectional bus, when code 7 is specified. 
(See Figure 6.) Since there is a double-length accumulator Z,W, 
reading can take two cycles. First, register Z Is read. After 
another clock has been received, if code 7 is still present, the 
least-significant half of the product from the W register is placed 
on the bus, or likewise the remainder if a division operation had 
been performed. 

If the ’S516 is Instructed to perform a read operation during the 
loading sequence, then the sequence is broken and the machine 
is forced back to state 0 ready to start the sequence again. 
Control read operations at state 0 just swap the contents of 
register Z and W. 

Integer and Fractional Arithmetic 

The ’S516 can work with either fractional or integer number 
representations. When working with integers, all numbers are 
scaled from the least-significant end, and the least-significant bit 
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is assumed to have a weight of 2^. For integer multiplication, 
accumulation, and division, all numbers are scaled from this 
least-significant weight, and results are correct if interpreted in 
this manner. The double-length register Z,W can therefore hold 
numbers in the range -2^“^ to +2^^ -1; the operands X and Y, 
and single-length results, are In the range -2'® to +2^® -1. 

When working with fractions, the machine automatically per- 
forms scaling so that input operands and results have a con- 
sistent format. All numbers in the fractional representation are 
scaled from the most significant end, which has a weight of -2^ 
(negative). The binary point is one place to the right of this most- 
significant bit, so that the next bit has a weight of 2~\ The 
double-length register Z,W therefore holds numbers in the range 
-1 to +1-2"^'^ and the operands X and Y and single-length 
results are in the range -1 to +1-2"*®. Since automatic scaling 
occurs, the product of two numbers always has the least- 
significant bit as a 0, unless an accumulation is performed with 
the least-significant bit being a 1 . 

During a chain operation with the partial results not being read 
onto the bus, the ‘S516 will stay In either the fractional or Integer 
mode. At the start of a sequence of operations, fractional or 
integer operation is designated by loading operands using 
instruction code 5 or instruction code 6 respectively. 

Mixed fractional and integer arithmetic is also possible, by 
redefining the weight of the least-significant or most-significant 
bits. However, care must be exercised, due to the automatic 
scaling feature, when fractional arithmetic is programmed. 

Rounding 

Rounding can be performed on the result of a multiplication or 
division. Generally rounding would only be called out during 
fractional operation, but nothing in the ‘S516 precludes forming 
a rounded result during integer arithmetic. 

Rounding for multiplication provides the best single-length 
most-significant half of the product. Rounding occurs at the end 
of a multiplication, and is performed instead of a Load or Read 
operation when a code 5 is specified, instead of a code 7, to 
get from state 8 or state 10 back to state 0. (See Figured; also, 
note that this mode of operation precludes “stealing” a cycle 
according to the method Illustrated In Figure 9.) The ‘S516 looks 
at the most-significant bit of the least-significant half of the 
product W15, and adds 1 to the most-significant half of the 
product at the least-significant end if W15 is a 1. After the oper- 
ation, the ‘S516 is in state 0, so that the rounded product can 
be read, and the W register is cleared. 

Rounding for division is performed by forcing the least- 
significant bit of the quotient in Z to a 1 unless the division is 
exact (remainder is zero). This method of rounding causes a 
slightly higher variance in the result than having an additional 
iterative division operation, but is considerably easier to 
perform. Again, after rounding the ‘S516 goes to state 0, so 
that a read operation can be performed, and the W register 
is cleared. 

Overflow 

The ‘S516 has an overflow output OVR which is cleared prior to 
each operation, and is set during an operation if the product or 
quotient goes outside the normally-accepted range. 
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For multiplication, overflow can only occur if the most negative 
number in the operand range is used: (-1)x(-1)=+1, which 
cannot be held in the ‘S516’s internal registers. Overflow can 
more easily occur during either positive or negative accumula- 
tion of products. For fractional arithmetic, if the product or 
accumulation goes outside the range of-1 to +1-2"^' , then the 
overflow flipflop will be set. 

The overflow fl ip-flop is enabled in state 8 for the multiply opera- 
tion orin state 10 for a divide operation. It only gets reset when a 
transition to state 0 from states 0,3,8,10 and 11, when instruction 
7 is being presented to the ’S51 6. 

Overflow may also occur during division if the quotient goes 
outside the generally-accepted number range of -1 to 
during fractional operation. This would occur if the divisor is 
less than the dividend, or equal to the dividend if a positive 
quotient \k being generated. For integer arithmetic the numbers 
must be scaled by 2^^. 



Figure 6. ’S516 Internal Circuitry of “GO” Line and Three- 
State-Enable 

During the states 0, 1 , 3, 8, 1 0 and 1 1 if the “GO” line (GO) is held 
at logic HIGH then the machine will be in a wait state until GO 
goes to logic LOW. 



Figure 7. Interfacing the ’S516 to a Microprocessor 


Figure 7 shows the block diagram of a microprocessor system 
with its arithmetic capabilities enhanced by the use of a ‘S516 
16x16 multiplier/divider. The relatively small number of instruc- 
tion lines (only 3) of the ‘S516 provides a unique way 
to control the multiplier/divlder. As may be seen from Figure 7, 
these three instruction lines are assigned to the three least- 
significant bits (LSBs) of the address bus, while the remaining 


address bits are decoded by a Programmable Array Logic (PAL®) 
circuit to determine when the multiplier/divider is selected. For 
example, suppose the ‘S516 is assigned address 100; then any 
address In the range of 100-107 will enable the ‘S516 (I.e., the 
GO line is LOW). Thus, if the address is 100 the ‘S516 
instruction is 0; if the address is 106 the ‘S516 instruction Is 
6; and so forth. 
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Data Formats 

Fractional Multiply 

Xj, Y-| - Input, Multiplicand, Multipier 


15 14 13 12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Sign 2"'* 2“3 

2-4 

2-5 

2-6 

2-7 

2-8 

2-9 

2-10 

2-11 

2-12 

2-13 

2-14 

2-15 

Zj - MS Half Output Product 

1 15 14 13 12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

o| 

Sign 2‘‘* 2"2 2'^ 

2-4 

2-5 

2-6 

2-7 

2-8 

2-9 

2-10 

2-1 1 

2-12 

2-13 

2-14 

2-15 

Wj - LS Half Output Product* 

15 14 13 12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 1 

2-16 2-‘‘7 2-^8 2-^^ 2-20 2'21 2-22 2-23 2-2^ 

* The least significant bit of Wj is always a binary 0 due to normalization. Note that -1 x 

Integer Multiply 

Xj, Yi - input, Multiplicand, Multiplier 

2-25 2-26 2-27 2-23 2-29 

-1 yields an overflow in fractional multiply. 

2-30 

“0” 

15 14 13 12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 


Sign 2''4 2^^ 2'>2 

Zj - MS Half Output Product 

211 

210 

29 

28 

27 

26 

25 

24 

23 

22 

2^ 

20 

15 14 13 12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

o| 

00 

Csl 

<N 

05 

(M 

CM 

0 

CO 

CM 

C 

C35 

'(/) 

227 

226 

225 

224 

223 

222 

221 

220 

2I9 

2I8 

217 

216 

W| - LS Half Output Product** 

15 14 13 12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

2I5 2‘’4 2‘>3 2'*2 

2II 

2IO 

29 

23 

27 

26 

25 

24 

23 

22 

2^ 

20 

** The least significant bit of Wj is a valid data bit. Note that 2"^® x 2' 

yields +2^® which can be represented in the output bits without overflowing. 

Fractional Divide 

Zj - Input Dividend 

15 14 13 12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Sign 2-‘> 2-2 2-3 

2-4 

2-5 

2-6 

2-7 

2-3 

2-9 

2-10 

2-11 

2-12 

2-13 

2-14 

2-15 
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X - Input Divisor 


1 

14 

13 

12 

11 

10 

9 

8 

7 

6 5 4 

3 

2 

1 0 

Sign 

2"1 

2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

2-8 

2-9 2-^0 2"^^ 

2-12 

2-13 

2-14 2-15 


Zj - Output Quotient 











15 14 13 

12 

11 

10 9 

8 

7 

6 

5 4 

3 

2 

1 0 

sign r2 

2-3 


2-5 2“® 

2-7 

2-8 

2-9 

o 

<M 

2-12 

2-13 

2-14 2-15 


W - Output Partial Remainder t 


15 

14 13 12 11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Sign 

2-1 2 "^ 2*5 2 ”^ 

2-5 

2-6 

2-7 

2-8 

2-9 

2-10 

2-11 

2-12 

2-13 

2-14 

2-15 

t Note that the partial remainder R = 2"^^ (W) 












Integer Divide Exampie (Z, W)/X 









Zi 

1 - MSB Input Dividend 













15 

14 13 12 11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 i 

Sign 

230 2^® 2^5 2^7 

CD 

CM 

CM 

225 

224 

223 

CM 

CM 

CM 

221 

220 

219 

218 

217 

216 


Wj - LSB Input Dividend 


15 14 13 12 

11 

10 9 8 7 

6 5 

4 3 

2 1 

0 


215 214 213 212 

2l1 

2IO 28 2® 27 

LO 

CM 

CO 

CM 

24 25 

22 2I 

20 


X 

- input Divisor 














15 14 13 

12 11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Sign 2^4 2^3 

2I2 2II 

2IO 

29 

28 


26 

25 

24 

23 

22 

2I 

2^ 


Zj - Output Quotient 







15 14 13 

12 

11 

10 

9 8 

7 6 5 4 3 2 1 

°l 

Sign 2I4 2I5 

212 

2II 

2IO 

GO 

CM 

Oi 

CM 

27 2® 25 2^ 2^ 22 2I 

2O 


Wj - Output Partial Remainder 


15 14 13 12 11 

10 

9 

8 

7 6 

5 

4 

3 2 1 

0 

Sign 2I4 2I5 2I2 2II 

2IO 

29 

2® 

27 26 

25 

24 

2^ 22 2I 

20 
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7.0 V 

7.0 V 

5.5 V 

65° to +150°G 


SYMBOL 

PARAMETERS 

FIGURE 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

< 

O 

o 

Supply voltage 


4.75 

5 

5.25 

V 

Ta 

Operating free-air temperature 


0 


45** 

°c 

^MAX 

Clock frequency 

8 

6 

MHz 

‘CWP 

Positive clock pulse width 

8 

70 

ns 

^CWN 

Negative clock pulse width 

8 

50 

ns 

*BS 

Bus setup time for inputting data* 

8 

50 

ns 

*BH * 

Bus hold time for inputting data* 

8 

35 

ns 

*INSS 

Instruction, GO setup time 

8 

10 

ns 

*INSH 

Instruction, GO hold time 

8 

30 

ns 


* During operations when the bus is being used to input data. 
* * This device has a limited operating temperature range. 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = min i| = -18mA 

-1.5 

V 

l|L 

Low-level input current 

Vcc = I^AX V| = 0.5V 

Bi5-Bo 

-250 

mA 

All other inputs 


mA 

l|H 

High-level input current 

Vcc = I^AX V, = 2.4V 

250 

fxA 

l| 

Maximum input current 

Vcc = I^AX V| = 5.5V 

1 

mA 

VoL 

Low-level output voltage 

Vcc = M'N 'OL = 

0.3 0.5 

V 

%H 

High-level output voltage 

Vcc = min Iqh = ~2mA 

2.4 

V 

'os 

Output short-circuit current* 

Vcc ■ max Vq = ov 

-10 -90 

mA 

'cc 

Supply current 

Vcc = max 

370 450t 

mA 


* Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 

f At cold temperatures see the “Iqq vs Temperature” curves on the next page for more complete information. The typical values shown here are at 5.0 V. 


Switching Characterictics Over Operating Conditions 


SYMBOL 

PARAMETER 

1 

FIGURE 

COMMERCIAL 

MIN TYP MAX 

UNIT 

*BO 

Bus output delay from CK for outputting data;* 

Cl = 30pF 

8 

70 95 

ns 

N 

X 

o. 

Output disable delay 

FROM I 2 -I 0 to bus 


30 65 

ns 

From GO to bus 

20 40 

*PZX 

Output enable delay; 

C|_ = 30 pF 

FROM I 2 -I 0 to bus 


55 80 

ns 

From GO to bus 

25 45 

tr 

> 

O 

Overflow output delay from CK; Cl - 30 pF 

1 8 

60 95 

ns 


* During operations when the bus is being used to output data. 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 

Operating Conditions 
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Test Waveforms 


TEST 



OUTPUT WAVEFORM - MEAS. LEVEL 

All tpD 

5.0V 


ipxz 

tPHZ 

tPLZ 

VOH W 2.8V 

0.5V — 

voL — o.ov 

0.0V 

5.0V 


tPZH 

tPZL 


tpzx 

0.0V 

5.0V 

0.0V 


*At diode; see “Test Circuit” figure below. 


AC Test Conditions 

Inputs 0 Vlow. 3 VhigH- Rise and fall time 1-3 ns from 1 V to 
2 V. Measurements are made from 1 .5 V|n to 1 .5 VqijT* except 
that tpxz is measured by a delta in the outputs of 0.5 V from 
Vql or VoH •respectively. 

Timing 

Timing waveforms are shown in Figure 8. Specific instruction 
timing examples are shown in Figures 9 through 13. 


Test Load 


TEST 

POINT* 


RL 

560n 


7 ^ 




IN916 OR IN3064 
V„(8ee table above) 


* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation. 



NOTE: GO and I2-I0 can change only when CK is high. 

Figure 8. Timing Diagram of the ’S516 
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NOTES; Register Z is read at the same time that the overflow signal (if present) is set. If the instruction remains at code 7 after time-slot 11 , the contents of registers 
Z and W are swapped each cycle. 

t“Any code” means any of code 0 through code?. However, code 6 will load a new value of X, and code 7 will cause the ’S51 6 to attempt to drive the data bus. 
*Not available externally on the ’S51 6. 

Figure 9. Instruction Timing Example No. 1; Load X, Load Y, Multiply, Read Z, Read W. By Presenting Code 7 on the Instruction 
Lines During the Last Multiply Cycle (State 8), the Results May Be Read During Time-Slots 10 and 11 



NOTES: The instruction lines may be changed only when CK is high. 

t“Any code” means any of code 0 through code 7. Code 6 may be used here since a new X explicitly gets loaded for the next multiply operation. However, 
code 7 will cause the ’S516 to attempt to drive the data bus. 

*Not available externally on the ’S516. 

Figure 10. Instruction Timing Example No. 2: Repeat: ‘‘Load X, Load Y, Multiply, Read Z, Read W” 
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NOTES: Code 7 is given in time-slot 9, but has no effect until time-slot 10 since ^ is HIGH. After ^ goes LOW in time-slot 10, Z may be read. 
t“Any code” means any of code 0 through code 7. 

‘Not available externally on the ’S51 6. 

Figure 11> Instruction Timing Example No. 3: Load X, Load Y, Multiply, Read Z, Read W. This Timing Diagram 
Corresponds to Table 1 . Only After Eight Clock Pulses of the Operation Cycle, the Result Is Read --- Z 
During Time-Slot 10 and W During Time-Slot 11 



NOTES: 't“Any code” means any of code 0 through code 7. Code 6 or code 7 may be used here; since GO is HIGH, no new X can be loaded, and the ’S516 cannot 
attempt to drive the data bus. 

‘Not available externally on the ‘S516. 

Figure 12. Instruction Timing Example No. 4: Load X, Load Y, Multiply, Wait, Read Z, Read W 
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NOTES: This sequence of operations is suitable for use when reading is to be done only at the very end of the operation sequence. The new X value is loaded during 
the time that the previous multiplication is being performed. See Programming Example #3 for fg 

^ •, i.="'1 ' 

t“Any code” means any of code 0 through code 7. However, code 7 will cause the ’S516 to attempt to drive the data bus. 

‘Not available externally on the ’S516. 

ttCode 6 allows loading of a new X in State 1 2 and it takes the ‘S51 6 State Counter to State 8. In State 8, Y is loaded via instruction 2 and the next 
multiply-accumulate cycle is initiated. 

Figure 13. Instruction Timing Example No. 5: Sum of Products 
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Programming Examples 

In the following examples assume that each line with a separate 
instruction corresponds to one clock pulse. Instruction codes 
are 0, 1, 2, 3, 4, 5, 6, 7 and x according to the usage explained 
in the key to Figure 2. 


Programming Example 1 

Calculating X • Y (A*B) 


INST 6 

X - A 

INST 0 

Y - B 

INST X 

MULT 

INST X 

MULT 

INST X 

MULT 

INST X 

MULT 

INST X 

MULT 

INST X 

MULT 

INST X 

MULT 

INST 7 

MULT AND READ Z = 16 MSB OF (A-B) 

INST 7 

READ W = 16 LSB OF (A-B) 


Programming Example 2 

Calculating X1 • Y (A‘C) 

XI is a previous multiplier value. It was previously 
loaded (in example 1) with A. 

INST 0 Y - C 

INST X MULT 

INST X MULT 

INST X MULT 

INST X MULt 

INST X MULT 

INST X MULT 

INST X MULT 

INST 7 MULT and READ Z = 16 MSB OF (A-C) 

INST 7 READ W = 16 LSB OF (A-C) 


Programming Example 3 

N 

Calculating ^Xj-Yj (A-B + C-D + E-F + . . . ) 

i = 1 

In this case we read only after N multiplications. A new Xj + i 
is loaded during the multiplication process forXjYj. 

Assume N = 3. 

The sequence of instructions and operations for calculating 

^ 3. ^ ■■■ : 

2^Xj -Yj is: (A-B + C-D + E-F) 

i = 1 


N = 1 


N = 3 < 

READ Z 
READ W 


^ INST 6 

X- A 

INST 0 

Y - B 

INST X 

mult; 

INST X 

MULT 

INST X 

MULT 

INST X 

MULT 

INST X 

MULt 

INST X 

MULT 

INST X 

MULT, 

, INST 6 

MULT a 
Z- 16 
W- 16 

INST 2 

Y -- D 

INST X 

MULT \ 

INST X 

MULT 

INST X 

MULT 

INiST X 

MULT 

INST X 

MULT 1 

INST X 

MULT 1 

INST X 

MULT/ 

' INST 6 

MULT a 
Z- 16 
W- 16 

INST 2 

Y - F 

INST X 

MULT^ 

Inst x 

MULT 

INST X 

MULT 

INST X 

MULT 

INST X 

MULT 

INST X 

MULT 

INST X 

MULT> 

INST 7 

MULT a 

READ Z 

, INST 7 

READ V 


Perform A-B 


Perform C-D + (K^, K^) 


Perform E-F + (K^, K^) 


16 LSB of (E-F + C-D + A-B) 
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Programming Example 4 Programming Example 5 


Multiplication plus a constant (A*B + Constant) 

Dividina a 32-bit number by a 16-bit number ((B. C)/A) 


Assume that the constant is a 32-bit 2s-complement 





number. 

INST 6 

X -A 


INST 6 

X - A 


INST 6 

Z -B 


INST 6 

Z *- C LOAD 16 MSB of constant 

INST 4 

W-C 


INST 6 

D LOAD 16 LSB of constant 

INST X ^ 



INST 0 

Y - B 


INST X 



INST X 

MULT ' 


INST X 



INST X 

MULT 


INST X 



INST X 

MULT 


INST X 



INST X 

MULT 

- Perform A-B + (Z, W) 

INST X 



INST X 

MULT 


INST X 



INST X 

MULT 


INST X 



INST X 

MULT ; 


INST X 



INST 7 

MULT and READ Z = 16 MSB of (A-B + (C, D)) 

INST X 

- Perform Division 


INST 7 

READ W = 16 LSB of (A-B + (C, D)) 

INST X 

X 





INST X 






INST X 






INST X 






INST X 






INST X 






INST X 






INST X 






INST X , 


(B. C) 




INST 7 

DIVIDE and READ the quotient Z 

A 




INST 7 

(B, C) 

READ the remainder W of . 

A 
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16x16 Flow-Thru™ Multiplier Slice 


Features/ Benefits 

• Twos-complement, unsigned, or mixed operands 

• Fuli 32-bit product immediately available on each cycle 

• High-speed 16x16 parallel multiplier 

• Latched or transparent inputs/outputs 

• Three-state output controls, independent for each half of 
the product 

• Single +5 V supply (via multiple pins) 

• Available in 84-terminai Leadless-Chip Carrier and 
88-Pin-Grid- Array packages 

Description 

The ’S556 is a high-speed 16x16 combinatorial multiplier which 
can multiply two 16-bit unsigned or signed twos-complement 
numbers on every cycle. Each operand X and Y has an asso- 
ciated mode-control line, XM and YM respectively. When a 
mode-control line is at a LOW logic level, the operand is treated 
as an unsigned 16-bit number; when the mode-control line is at 
a HIGH logic level, the operand is treated as a 16-blt signed 
twos-complement number. Additional Inputs RS and RU allow 
the addition of a bit into the multiplier array at the appropriate bit 
positions for rounding. The entire 32-bit double-length product 
is available at the outputs at one time. 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

74S556 

P88, L84* 

Commercial 


P88 is an 88-Pin-Grid-Array Package. 

L84 is an 84-terminal Leadless-Chip Carrier Package. 

* The 84-terminal leadless chip carrier, L84, and its socket, L84-2, are in 
development; contact the factory for further details. 

The most-significant product bit, S31, is available in both true 
and complemented form to simplify longer-wordlength multipli- 
cations. The product outputs are three-state, controlled by 
asserti ve-low enables. The MSP outputs are controlled by the 
TRIM (OEM) cont rol input, while the LSP outputs are controlled 
by the TRIL (OEL) control input. This allows one or more multi- 
pliers to be connected to a paral lei bus or to be used in a pipel ined 
system. 

All Inputs and outputs have transparent latches. The latches 
become transparent when the input to the corresponding gate 
control line GX, GY, GM, GL is HIGH. If latches are not required, 
these control inputs may be tied HIGH, leaving the multiplier 
fully transparent for combinatorial cascading. The device uses a 
single +5 V power supply, and is available both in an 84-terminal 
leadless chip carrier (LCC) package and in an 88-pin-grid-array 
package. 


’S556 Logic Diagram 


16-BIT 
. X INPUT 


16-BIT 



1 16-BIT 
LSP 


S3i S31 


16-BiT 

MSP 


Flow-Thru™ is a trademark of Monolithic Memories. 

TWX: 910-338-2376 

1 College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SUMMARY OF SIGNALS/PINS 

X15.0 

Multiplicand 16-bit data inputs 

^ 15.0 

Multiplier 16-bit data inputs 

XM, YM 

Mode-control inputs for each data word; 

LOW for unsigned data and HIGH for twos- 
complement data 

^ 31-0 

Product 32-bit output 

S3I 

Inverted MS product bit (for expansion) 

RS, RU 

Rounding inputs for signed and unsigned 
data, respectively 

GX 

Gate control for Xj, RS, RU 

GY 

Gate control for Yj 

GL 

Gate control for least-significant half 
of product 

GM 

Gate control for most-significant half 
of product 

TRIL 

OEL 

Three-state control for least-significant half 
i of product 

TRIM 

OEM 

Three-state control for most-significant half 
of products 


Rounding Inputs 


INPUTS 

ADDS 

USUALLY USED WITH 

RU 

RS 

2 I 5 

214 

XM 

YM. 

L 

L 

NO 

NO 

X 

X 

L 

H 

NO 

YES 

Ht 

Ht 

H 

L 

YES 

NO 

L 

L 

H 

H 

YES 

YES 

* . 

* . 


t In mixed mode, one of these could be low but not both. 
* Usually a nonsense operation. 


Mode-Control Inputs 


OPERATING 

MODE 

INPUT DATA 

MODE- 

CONTROL 

INPUTS 

*15,0 

^15-0 

XM 

YM 

Unsigned 

Unsigned 

Unsigned 

L 

L 

Mixed 

Unsigned 

Twos-Comp. 

/ L 

H 

Twos-Comp. 

Unsigned 

H 

L 

Signed 

Twos-Comp. 

Twos-Comp. 


H 


84-Terminal Leadless Chip Carrier Pinout 



All Vqq and GND pins must be connected to the respective Vqq and GND 
connections on the board and should not be used for daisychaining through 
the 1C. 
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Operating Conditions 


SYMBOL 

. 

PARAMETER 

FiGURE 

COMMERCIAL 

MIN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 


4.75 5 5.25 

V 

Ta 

Operating free-air temperature 


0 75 

°c 

^S1 

Setup time (Xj, Rjj/Yj to GX/GY 

2a, 2b 

10 

ns 

^2 

Setup time Xj, Yj, Rj to GM, GL 

‘S2L 

3a, 3b 

60 

ns 

‘S2M 

74 

‘S3 

Setup time GX, GY to GL, GM 

•S3L 

4a, 4b, 4c, 

4d, 4e, 4f 

60 

ns 

‘S3M 

75 

‘HI 

Hold time (X|, R|)/Y| to GX/GY 

2a, 2b 

8 

ns 

^H2 

Hold time Xj, Yj, Rj to GM, GL fH2L‘ ^H2M 

3a, 3b 

3 

ns 

•h3 

Hold time GX, GY to GM, GL ^H3L> ^H3M 

4a, 4b, 4c, 
4d,4e,4f 

0 

ns 


Latch enable pulse width 

6 

12 

ns 


* Indicates case temperature. 


Electricai Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

V|L 

Low-level input voltage** 


0.8 

V 

V|H 

High-level input voltage** 


2 

V 

V|C 

Input clamp voltage 

Vcc “MIN 

l| = -18 mA 

-1.5 

V 

‘IL 

Low-level input current 

Vqc = MAX 

V| = 0.4 V 

-0.4 

mA 

l|H 

High-level input current 

VcG = max 

V| = 2.4 V 

75 

mA 

'I 

Maximum input current 

Vcc = max 

V| = 5.5 V 

1 

mA 

Vql 

Low-level output voltage 

Vcc = min 

IqI_ = 8 mA 

0.5 

V 

I 

o 

> 

High-level output voltage 

Vcc = min 

Iqh = -2 mA 

2.4 

V 

'OZL 

Off-state output current 

Vcc = max 

Vq = 0.5 V 

-100 

mA 

‘OZH 

Vq = 2.4 V 

100 

mA 

'os 

Output short-circuit current* 

Vcc " max 

> 

o 

II 

O 

> 

-20 -90 

mA 

'cc 

Supply current 

Vcc = max 


600 800 

mA 

'cc 

Supply current at hot 
temperature limit 

Vcc = 5.25 V 

Ta = 75°c 

700 

mA 


■f Typicals at 5.0 V and 25 ®CTa. 

* Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 
** These are absolute voltages with respect to the ground pins and include ail overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 
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Switching Characteristics over operating conditions 


— 

SYMBOL 

PARAMETER 

TEST 

74S556 

COMMERCIAL 

UNIT 

1 

1 



CONDITIONS 



MIN 

TYP 

MAX 


1 

*DTL 

T ransparent 
Multiply 

GX, GY, GM, GL = H 

Xi,Yj,Rjto Si5_o 

Figs. 1, 2c, 3b, 4c, 4f 



50 

76 

ns 

*DTM 

1 

X|,Y|,Rito 831 , 331.10 
Figs. 1, 2c, 3b, 4c, 4f 



60 

90 

ns 

'oil 

1 

Transparent 
Output Multiply 
GM, GL = H 

GX,GYtoSi5.0 

Figs. 2a, 2b, 4d, 4e 

CL = 30 pF 

RL = 560n 
See figure 7 

80 

ns 

1 

I 

^D 1 M 

GX,GY, to S3i,S3i_i6 

Figs. 2a, 2b, 4d, 4e 

92 

ns 

I *02 

i 

Transparent 

Input Multiply 

GX, GY = H 

GM, GLtoSj 

Figs. 3a, 4a, 4b 


35 

i 

ns 

i 

tpxz 

Three-State 
Disable Timing 

TRIL (DEL), TRIM (OEM) 
toSj Fig. 5 


30 

ns 

*PZX 

Three-State 
Enable Timing 

TRIL (^),TRIM (OEM) 
toSj Fig. 5 


30 

ns 


Transparent Multiply — Flowthrough Operation 


X,Y.R 


I 



^ *DTL> blM ► 


) 

/ 


Figure 1 


The transparent multiply is a flowthrough operation of the ’S556. 
Both the input and output latches are made transparent by 
keeping GX, GY, GM, and GL at a HIGH level. The operands are 


presented to the X, Y, and R inputs; the results are availabletpjL 
and tpji^ later, for the least and most significant halves of the 
product respectively. 


MonoUtMo 
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* With this particular timing, set-up time tsi will automatically be met. 


Figure 2a. 



Figure2b Figure 2c 


By tying the GL and GM lines HIGH, the ’S556 can perform and inputs change, then Figure 2b applies; in this case the 

transparent output (or pipelined input) multiplies. Data present result will also be available at the outputs t^i |_ and t0i after 

is latched at the inputs using the GX and GY control signals. The the rising edges of GX and GY. However, if the rising edges of 

time at which the result S is present at the outputs depends on GX and GY occur more than - t^-j before the 

when the rising edges of GX and GY occur. If the rising edges of operand inputs change, then Figure 2c applies; the result will 

GX and GY occur after the operand inputs change, then Figure appear at the outputs tQ-p|_ and tp after the operand inputs 
2a applies; the result will be available at the outputs tpiL and change. 

^D1 M rising edges of GX and GY. If the rising edges of * For the least and most significant halves of the product, respectively 

GX an6 GY occur less than (t]/^ - 1^^ ^li^) before the oper- 


Transparent Input Multiply — Pipelined Output 



Figure 3a Figure 3b 


By tying the GX and GY lines HIGH, the ’S556 can perform changing, then Figure 3a applies; the result appears at the 

transparent input (or pipelined output) multiplies. Data is pre- outputs t02 after the rising edges of GL and GM. If the rising 

sented at the inputs, and t32 after X,Y and R change, the results edges of GL and GM occur before (t^2 min ' min) 

can be latched. The time at which the result S is present at the inputs changing, then Figure 3b applies; the result appears at 

outputs depends upon when the rising edges of GL and GM the outputs tQjj_ and tpy^* after the operand inputs change, 

occur. If they OCCUraf or afferff32n7/n ' ^Wmin) ^^6 inputs * Forthe least and most significant halves of the product, respectively. 
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* With this particular timing setup time tsi will be automatically met. 

Figure 4e Figure 4f 


The gated multiply represents the pipelined input and output that the operand inputs change as T^yR. the absolute time that 

Operation. The latch enable lines GX, GY, GL, GM are used to the rising edges of GX and GY occur as Tqxy* and the absolute 

store incoming operands and outgoing results. The particular time that the rising edges of GL and GM occur as TQ|_|y/|. Thus, 

set-up times that must be met and the time the result takes to the two delays of concern can be explicitly stated as (Tqxy - 

reach the outputs depends on two timing relationships. The first T^yp) and (Tq|_|^ - TQxy). Notice that either of these quanti- 

is when the rising edges of GX and GY occur with respect to the ties can be positive or negative depending on which event 

operand inputs changing, and the second is when the rising occurs first. Timing for gated multiplies can then be summarized 

edges of GL and GMoccurwith respect tothe rising edges of GX In the following table: 

and GY. On the above timing diagrams, denote the absolute time 
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T'GXY-TxYR 

TgLM-TgXY 

FIGURE 

WHICH SET-UPTIMES 
MUST BE MET 

WHEN RESULT IS 
PRESENT AT OUTPUTS 

‘*^GiXY - Txyr ^ 0 

TqLM-TqXY - ^S3min-%min 

4a 

tS3 

Tglm'^^D2 

O^Txyr-Tqxy - twmin'^SImin 

■’'GLM-'rGXY - 'S3min-‘Wmin 

4b 

*S1 ■ *S2’ 'S3 

Tglm + tD2 

’Wmin - •Simin •= ^XYR ' TgXY 

TglM-TgXY - <S3min-‘Wmin 

4c 

*S1’‘S2 

■rXYR + ('dtl. 'dtm)* 

■''GXY-'rxYRSO 

TqlM-TgXY < tS3min-%min 

4d 

'S3 

rGXY + f'DIb 'dim)* 

O^Txyr-Tqxy - *Wmin-*S1 min 

■''GLM-'rGXY < *S3min-*Wmin 

4e 

'si. 'S2. 'S3 

‘rGXY + ('dIL' 'dim)* 

‘Wmin - 'S1min < ‘’'xyr - Tqxy 

TglM"TgXY < %3mln“%min 

4f 

'S1.'S2 

Txyr + ('dtl. 'dtm)* 


* For the least and most significant halves of the product respectively. 

NOTE; Txyr represents the absolute time when the operand inputs change. 

"^GXY ^i^cl Tqlm represent the absolute times when the rising edges of the latch controls occur. 


Three-State Timing 


^ ^ 


*pxz- 


TRIL fOEL) , 
TRIM (OEM) 




*pzx 


Figure 5 


Test Waveforms 


All tpD 


tpxz 


‘PZX 


Vx 


tPHZ 


*PLZ 


*PZH 


*PZL 


0 


OUTPUT WAVEFORM - MEAS. LEVEL 


VOH- 

VOL ■ 




VOH- 

VOL ■ 


— V — 2.8V 

i.5v-r V^x ^ 

1.5 V— 

T— t 0.0V 


2.8V- 




VOH 

VOL 


Latch Enable Pulse Width 
(GL, GM, GX, GY) 


Load Test Circuit 



Figure 7 


LOW-HIGH-LOW 

r j 


PULSE -j 


1 


tw— ► 


HIGH-LOW-HIGH \ 


( ■ 

PULSE 1 

r 1 



Figure 6 


-3V 
1.5 V 

- ov 


-,3V 
- 1.5V 
-OV 
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Recommended Bypass Capacitors 

The switching currents when the outputs change can be fairly 
high, and bypass capacitors are recommended to adequately 
decouple the VCC and GND connections. 

For example, on the 84-terminal LCC package, pins 21 and 22 
are VCC2 supplies and should be decoupled with pin 33, a GND 
input, using a 0.1 /uf monolithic ceramic disk capacitor. The 


capacitor must have good high-frequency characteristics. Also 
pins 64 and 65, VCC1 and VCC2, should be decoupled with pin 
74, a GND input, with a similar capacitor arrangement. 

For the 88-pin-grid-array package pins 21 and 22 are VCC2 
supplies and should be decoupled with pin 35, the GND pin. Pins 
66 and 67, VCC1 and VCC2, should be decoupled with pin 77, 
the GND pin. 


Decoupling Capacitors Shown with the 84-Terminai LCC Package 



Typicai Supply Current Over Temperature Range 
74S556 

1000 1 — I r r 


^ 800 
< 

E 



400 I 1 1 1— 1 —I 

-20 0 20 40 60 80 

TEMPERATURE (°C) 


monolithic 




Memories 


11-31 






74S5S6 


IDENTIFIER 
FOR PIN 1 


88 Pin-Grid-Array 

Pin Locations 
Bottom View 


© ® ® ® ® @ ® ® @ @ ® 



® 

@ 

® 

® 

® 

® 

® 

® 

® 


® 

@ 

® 

® 

® 

® 

® 

® 

® 

® 


® 


Pin-Guide For Pin Grid Array 


Pin No. 

Pin Name 

Pin No. 

Pin Name 

Pin No. 

Pin Name 

Pin No. 

Pin Name 

1 

X9 

23 

N/C* 

45 

S25 

67 

VCC2t 

2 

X10 

24 

Y8 

46 

S24 

68 

N/C* 

3 

XII 

25 

Y9 

47 

S23 

69 

S7 

4 

X12 

26 

Y10 

48 

S22 

70 

S6 

5 

X13 

27 

Y11 

49 

S21 

71 

S5 

6 

X14 

28 

Y12 

50 

S20 

72 

S4 

7 

XI 5 

29 

Y13 

51 

S19 

73 

S3 

8 

XM 

30 

Y14 

52 

SI 8 

74 

S2 

9 

GX 

31 

Y15 

53 

SI 7 

75 

SI 

10 

RS 

32 

YM 

54 

S16 

76 

SO 

11 

RU 

33 

GY 

55 

GND 

77 

GND 

12 

GND 

34 

N/C* 

56 

TRIL (OEL) 

78 

N/C* 

13 

YO 

35 

GND 

57 

GL 

79 

GND 

14 

Y1 

36 

TRIM (OEM) 

58 

SI 5 

80 

XO 

15 

Y2 

37 

GM 

59 

S14 

81 

XI 

16 

Y3 

38 

S31 

60 

S13 

82 

X2 

17 

Y4 

39 

S31 1 

61 

S12 

83 

X3 

18 

Y5 

40 

S30 

62 

S11 

84 

X4 

19 

Y6 

41 

S29 

63 

S10 

85 

X5 

20 

Y7 

42 

S28 

64 

S9 

86 

X6 

21 

VCC2t 

43 

S27 

65 

S8 

87 

X7 

22 

VCC2t 

44 

S26 

66 

VCCItt 

88 

X8 


* Not connected, f VCC2 = Logic VCC. ft VCC1 = Output buffer VCC. 
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Rounding 

Multiplication of two n-bit operands results In a2n-bit productf. 
Therefore, in a pure n-bit system it is necessary to convert the 
double-length product into a single-length product. This can be 
accomplished by truncating or rounding. The following exam- 
ples illustrate the difference between the two conversion tech- 
niques in decimal arithmetic: 


^ 017 — .. 

39.6 -*39 Truncating 

39.2 + 0.5 = 39.7-39 
39.6 + 0.6 = 40.1 - 40 


Rounding 


Obviously, rounding maintains more precision than truncating, 
but it may take one more step to implement. The additional step 
involves adding one-half of the weight of the single-length LSB 
to the MSB of the discarded part; e.g., in decimal arithmetic 
rounding 39.28 to one decimal point is accomplished by adding 


0.05 to the number and truncating the LSB: 

39.28 + 0.05 = 39.33-39.3 

The situation in binary arithmetic Is quite similar, but two cases 
need to be considered; signed and unsigned data representa- 
tion. In signed multiplication, the two MSBs of the result are 
identical, except when both operands are -1 ; therefore, the best 
single-length product is shifted one position to the right with 
respect to the unsigned multiplications. Figure 8 Illustrates these 
two cases for the 16x16 multiplier. In the signed case, adding 
one-half of the S15 weight is accomplished by adding 1 in bit 
position 14, and in the unsigned case by adding 1 in bit position 
15. Therefore, the ’S556 multiplier has two rounding inputs. RS 
and RU. Thus, to get a rounded single-length result, the appro- 
priate R input is tied to Vqq (logic High) and the other R input is 
grounded. If a double-length result is desired, both R inputs are 
grounded. 


tin general multiplication of an M-bit operand by an N-bit operand results in an (M + N)-bit product. 


(a) SIGNED MULTIPLY (OMIT S 3 ., as S 30 = S 31 = sign of result) 
.BINARY POINT 


Xi5 

X14 X13 

X12 X 11 

X10 X9 

xs 

X7 

Xe 

X5 

X4 

X3 

X2 

Xl 

Xo 

X Yi5 

• Yi 4 Yi3 

Yi2 Yi1 

Y10 Y9 

Ya 

Y7 

Ya 

Ys 

Y4 

Y3 

+2 

Yl 

Yo 

S31 S30 

• ^23 S28 

$27 828 

®25 *24 

$23 S22 

*21 

*20 

*19 *18 

^17 

*16 

*151 

+ 0 0 

• 0 0 

0 0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 j 

1 

S30 

• $23 S28 

S27 S26 

*25 *24 

$23 S22 

*21 

*20 

*19 

*18 

$17 

*16 

*151 

1 















FULL 32-BIT 
PRODUCT 




So 

0 




WEIGHT OF THE 
DISCARDED PART 


BEST 16-BIT PRODUCT 


(b) UNSIGNED MULTIPLY 

BINARY POINT 


• Xi5 Xi 4 Xi 3 X 12 X 11 X 10 Xg Xg X 7 Xg X 5 X 4 X 3 X 2 Xi Xq 

• Yi5 Yi 4 Yi 3 Yi 2 Y^q Yg Yg Y 7 Yg Yg Y 4 Y 3 Y 2 Y^ Yg 


FULL 32-BIT 
PRODUCT 


• S31 $30 S2g $28 S27 S26 S25 $24 S23 S22 S21 $20 S^g S^g $17 S^g j S^g $14 $13 

I 

*00 00 00 0 0 00 00 00 00jl 00 

•S31 S30 $29 $28 §27 S26 S25 $24 S23 S22 S21 S20 S^g S-ig 8^7 S-jg 1 


BEST 16-BIT PRODUCT 


ADD 1/2 THE MSB 
WEIGHT OF THE 
DISCARDED PART 


3 


NOTES: 

(a) In signed (twos-complement) notation, the MSB of each operand is the sign bit, and the binary point is to the right of the MSB. The resulting product has a redundant 
sign bit and the binary point is to the right of the second MSB of the product. The best 1 6-bit product is from S 3 Q through S., 5 , and rounding is performed by adding “1 ” 
to bit position S., 4 . 

(b) In unsigned notation the best 16-bit product is the most significant half of the product and is corrected by adding “1” to bit position Sl5- 

Figure 8. Rounding the Result of Binary Fractional Multiplication 
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Using the ’S556 in a Pipelined 
Positive-Edge Triggered Clock System 

The ’S556 has internal latches which can be used affectively in 
systems where things happen on positive-going clock edges. 
This application is an extension of the gated multiply mode 
shown in Figure 1 , in which a 32-bit product can be latched every 
t33 nsec in the ’S556. 

If the signals GX, GY, GM and GL can be derived from the 
system clock then the latches can almost have the same effect as 
having a register. The basic philosophy behind the recom- 
mended timing is that the input latches are closed when the 
output latches are open; the outputs are then closed (and have 


latched results) and new data is presented to the input latches, 
which are opened. This is shown by the relation between GX, GY 
and GL, GM in Figure 9. The set-up time t33 is shown as one 
value but strictly speaking, it is split as t33L and t33M for the 
least significant and most significant half of the product respec- 
tively. The value of t33|_ is less than t33|^, for applications 
requiring the least significant bits of the result as fast as 
possible. 

One note of caution is that a design must always meet the set-up 
and hold times for Xj, Rj with respect to GX and for Yj with 
respect to GY. 

The result Sj is availablet02 after the rising edge of GM and GL. 


SYS 

CLK 


GX, GY 


GL,GM 


I I 

I h 


-*S3- 


n_ 


ts3, tH3 = SETUP, HOLD TIMES OF 
GX, GY TO GM, GL 


■JO 


*S1> = SETUP, HOLD TIMES OF 

~ Xj, Rj TO GX AND Yj TO GY 


tD2 = PROPAGATION DELAY OF 
GM, GL TO S; 


Figure 9 
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Totally Parallel 32x32 Multiplier 



64-BIT 2’S COMPLEMENT OUTPUT 

Figure 10. Partial Products for a 32x32 Multiplication 


A twos-complement 32x32 multiplication can be performed 
within 220 nsec using 4 ’S556s, 20 ’S381s, and 7 ’SI 82s. This 
32x32 multiply operation involves adding up four partial pro- 
ducts as shown in Figure 10. These four partial products are 
generated in four multipliers: the outputs are XA*YA, XA*YB, 
XB*YA, XB*YB, where X31-16 = XB, X15-0 = XA, Y31-16 = YB, 
Y15-0=YA. 

The implementation ofthis twos-complement 32x32 multiplier is 
shown in Figure 11. The outputs of the 16x16 multipliers are 
connected to two levels of adders to give a 64-bit product. The 
first level of adders is needed to add the two central partial 
products of Figure 1 0, XA*YB and XB*YA. Notice the technique 
which is used to generate the “sign extension”, or the most- 
significant sum bit of the first level of adders. The ’S556 provides, 
as a direct output, the complement of the most-significant pro- 
duct bit; having this signal immediately speeds up the sign- 
extension computation, and reduces the external parts count. 


INPUTS 



S63-48 S47.32 S31.I6 S15.0 


OUTPUTS 


* THESE ARE ADDER BLOCKS USING THE ’S381 , A 4-BIT ALU FUNCTION GENERATOR, TO PERFORM A HIGH SPEED ADD 
OPERATION. THE ’S182 IS A LOOK-AHEAD CARRY GENERATOR WHICH REDUCES THE PROPAGATION DELAY. ALL THE 
ABOVE PARTS ARE AVAILABLE FROM MONOLITHIC MEMORIES INCORPORATED. 

TOTAL MULTIPLY TIME- MULTIPLIER DELAY + ADDER LEVEL 1 DELAY + ADDER LEVEL 2 DELAY = 90 + 65 + 65 = 220 nsec 


Figure 11. Implementation of the 32x32 Multiplier 
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For example, the inputs to the adder in the most significant 
position are the S31 outputs from the two central multipliers. 
The sign extension of the addition of XA*YB and XB*YA is 
defined as ___ _ __ 

SIGN EXT = A.B. + A.C. + B.G., where 

A is the most-significant bit of the term XA*YB; 

B is the most-significant bit of the term XB*YA; and 
C is the carry-in to the most-significant bits of XA*YB and 
XB*YA, in the adder. 

The sign extension can be computed as the negation of the 
carry-out term of three terms, A, B, and C. This term corresponds 
to the negative of the carry-out of the bit position just one place 
to the right of the most-sigh if icant bit position of the first level of 
adders. The negative of the carry-out can be generated by 
presenting a carry-out and a binary “one” to the most significant 
bit of the adder. The generated sum bit then corresponds to the 
negation of the carry-out of the previous stage, which is the sign 


extension required to be added to the 1 6 most-significant bits of 
the XB*YB partial product term. 

The second level of adders, which performs a 48-bit add func- 
tion, is fairly straightfonA/ard. These adders can be implemented 
using ’S381 four-bit ALUs and ’S182 carry-bypasses (“carry- 
lookahead generators”) which are available from Monolithic 
Memories Inc. and from other vendors. 

Other configurations such as 48x48 and 64x64 multipliers can 
be designed using the same methodology, r1. 


References 

1. “Fast 64x64 Multiplication using 16x16 Flow-through Multi- 
plier and Wallace Trees,” Marvin Fox, Chuck Hastings and 
Suneel Rajpal, Monolithic Memories System Design Hand- 
book, pages 8-53 to 8-61 . 
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8x8 High Speed SN74S557 

Schottky Multipliers SN54/74S558 


Features/Benefits 

• Industry-standard 8x8 multiplier 

• Multiplies two 8-bit numbers; gives 16-bit resuit 

• Cascadable; 56x56 fuiiy-paraliei multipiication uses only 34 
multipliers for the most-significant half of the product 

• Full 8x8 multiply in 60ns worst case 

• Three-state outputs for bus operation 

• Transparent 16-bit latch in ’S557 

• Pi ug-in compatible with original Monolithic Memories’ 67558 

Description 

The ‘S557/‘S558 is a high-speed 8x8 combinatorial multiplier 
which can multiply two eight-bit unsigned or signed twos- 
complement numbers and generate the sixteen-bit unsigned 
or signed product. Each input operand X and Y has an 
associated Mode control line, X[^ and Y|^ resoectivelv.-When a 
Mode control line is at a Low logic level, the operand is treated 
as an unsigned eight-bit number; whereas, if the Mode control is 
at a High logic level, the operand is treated as an eight-bit signed 
twos-complement number. Additional inputs, Rs and Ry, (R, in 
the ’S557) allow the addition of a bit Into the multiplier array at 
the appropriate bit positions for rounding signed or unsigned 
fractional numbers. 

The ’S557 internally develops proper rounding for either 
signed or unsigned numbers by combining the rounding input 
R with X|y/|, Y^/|,)^, and Y(^ as follows: 

Ry =)^ • R = Unsigned rounding input to 2^ adder. 

" (^M ^m) ^ " Signed rounding input to 2® adder. 

Since the ’S558 has no latches, it does not require the use of pin 1 1 
for the latch enable input G, so Rs and Ry are brought out 
separately. 

The most-significant product bit is available in both true and 
complemented form to assist in expansion to larger signed 
multipliers. The p roduct outputs are three-state, controlled by 
an assertive-low Output Enable which allows several multi- 
pliers to be connected to a parallel bus or be used in a pipe- 
lined system. The device uses a single +5V power supply and is 
packaged in a standard 40-pin DIP. 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

54S558 

J, (44), (L) 

Military 

74S557, 74S558 

N,J, 

Commercial 


Logic Symbol 




fFor 74S557 Pin 9 is R and Pin 11 is G. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Logic Diagram 


8- BIT X INPUT 



16-BIT PRODUCT 


■f For 74S557 Pin 9 is R and Pin 11 is G. 
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Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


7.0 V 

7.0 V 

5.5 V 

-65° to+150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

DEVICE 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNITS 

< 

O 

o 

Supply voltage 

all 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

all 

-55 125* 

0 75 

°c 

^u 

Xj , Yj to G set 

’S557 

’ 

40 

ns 

‘h 

Xj , Yj to G hold time 

’S557 


0 

ns 

‘w 

Latch enable pulse width 

’S557 

■ ■ 

15 

ns 


* Case temperature 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN TYPf MAX 

UNIT 

V|L 

Low-level input voltage 

— 

0.8 

V 

V|H 

High-level input voltage 


2 

V 

V|G 

Input clamp voltage 

Vqq = min l| = -18mA 

-1.5 

V 

l|L 

Low-level input current 

Vqq = MAX V| = 0.5V 


mA 

l|H 

High-level input current 

Vqq = MAX V| = 2.4V 

100 

//A 

l| 

Maximum input current 

Vqq = MAX V| = 6.5V 

1 

— 

1 mA 

VqL 

1 Low-level output voltage 

Vcc “ VIIN Iql = 8mA 

0.5 

V 

^OH 

High-level output voltage 

Vqq = MIN IqH = -2"^^ 

2.4 

V 

'OZL 

Off-state output current 

Vqq = MAX 

Vq = 0.5V 

-100 

mA 

'OZH 

Vq = 2.4V 

100 

mA 

'os 

Output short-circuit current * 

Vqq = MAX Vq = OV 

-20 -90 

1 

mA 

'cc 

Supply current 

Vcc = MAX 

200 280 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at 5.0V Vqq and 26®C T^. 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

DEVICE 

TEST 

CONDITIONS 

MILITARY 

MIN TYPf MAX 

COMMERCIAL 
MIN TYPt MAX 

UNIT 

tpDi 

X j, Yi to S7.0 

All 


40 

60 

40 

50 

ns 

*PD2 

Xi.YitoSis^ 

All 

Cl = 30pF 
RL= 560n 

see test figures 

45 

70 

45 

60 

ns 

tpD3 

Xi,Yit0Si5 

All 

50 

75 

50 

65 

ns 

tpD4 

GtoSj 

’S557 

20 

40 

20 

35 

ns 

^PXZ 

OE to Sj 

All 

20 

40 

20 

30 

ns 

^PZX 

' OEtoSj 

All 


15 

40 

15 

30 1 

ns 
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Timing Waveforms 


Setup and Hold Times (’S557) 



NOTE: If the rising edge of G occurs before (tsUiy/nN'^MIN) inputs 

changing, then the applicable propagation delays are tpQ, tpQ2 and tpoa, 
(and not tpp4). In this case the time at which the results arrive at the outputs 
depends on when the inputs change instead of when the rising edge of 
G occurs. 


Test Waveforms 



Propagation Deiay 



Test Load 

Vx (see table above) 

IN916 OR IN3064 

RL 
560n 

^Cl ^11200 

* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 



Latch-Enable Pulse Width (’S557) Definition of Timing Diagram 
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SUMMARY OF SIGNALS/PINS 

X 7 -X 0 

Multiplicand 8 -bit data inputs 

Y7-Y0 

Multiplier 8 -bit data inputs 

Xm, Ym 

Mode control inputs for each data word; LOW for 
unsigned data and HIGH for twos-complement 
data 

Sl 5 “So 

Product 16-bit output 

^15 

Inverted MSB for expansion 


Rounding inputs for signed and unsigned data, 
respectively (‘S568 only) 

G 

Transparent latch enable (‘S557 only) 

OE 

Three-state enable for S- 15 -S 0 and S 15 outputs 

R 

Rounding input for signed or unsigned data; 
combined internally with Xf^, {‘S 557 only) 


74S5S7 FUNCTION TABLE 


r- 


PRODUCT 

LATCH 



INPUTS 

RESULT 

CONTENTS 

OUTPUTS 

FUNCTION 



FROM 

(INTERNAL 




ARRAY 

TO PART) 



OE 

G 

Tj 

Qj 

S| 


B 

fl 

— 

L 

H 

L 

H 

Latched 

n 

B 


B 


IBHHl 

(L)* 

L 

T ransparent 

B 


H 

(H)* 

H 


B 


(L) 


Hi-Z; Latched 


B 


Z 

(H) 

Data not 

B 

Bi 

Z 

Changed 

0 

B 

X 

(X)* 

z 

Hi-Z 


*i|dentical with product result passing through latch. 


ROUNDING INPUTS 
‘S557 


INPUTS 

ADDS 

% 

Ym 

R 

27 

2 ® 

L 

L 

H 

YES 

NO 

L 

H 

H 

NO 

YES 

H 

L 

H 

NO 

YES 

H 

H 

H 

NO 

YES 

X 

X 

L 

NO 

NO 


‘S558 


INPUTS 

ADDS 

USUALLY USED WITH 

Ru 

Rs 

27 

26 


Y„ 

L 

L 

NO 

NO 

X 

X 

L 

H 

NO 

YES 

Hf 

Ht 

H 

L-' ' 

YES 

NO 

'-L ^ / 

1 L'"-' 

H 

H 

YES 

YES 

♦ 

♦ 


fin mixed mode, one of these could be Low but not both. 

♦Usually a nonsense operation. See applications section of data sheet. 


MODE CONTROL INPUTS 


OPERATING 

MODE 

INPUT DATA 

MODE 

CONTROL 

INPUTS 

X 7 -X 0 

■< 

i 

< 

0 

Xm 

Ym 

Unsigned 

Unsigned 

Unsigned 

L 

L 

Mixed 

Unsigned 

Twos-Comp. 

L 

H 

Twos-Comp. 

Unsigned 

H 

L 

Signed 

Twos-Comp. 

Twos-Comp. 

H 

H 
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Functional Description 


Rounding 


The ’S557 and ’S558 multipliers are 8x8 full-adder Cray arrays 
capable of multiplying numbers in unsigned, signed, twos- 
complement, or mixed notation. Each 8-bit input operand X and 
Y has associated with it a mode control which determines 
whether the array treats this number as signed or unsigned. If 
the mode control is at High logic level, then the operand Is 
treated as a tvvos-complement number with the most-significant 
bit having a negative weight; whereas, if the mode control is at a 
Low logic level, then the operand Is treated as an unsigned 
number. 

The multiplier provides all 16 product bits generated by the 
multiplication. For expansion during signed or mixed multipli- 
cation the most-significant product bit is available in both true 
and complemented form. This allows an adder to be used as a 
subtractor in many applications and eliminates the need for 
certain SSI circuits. 

Two additional inputs to the array, R5 and Ry , allow the ad- 
dition of a bit at the appropriate bit position so as to provide 
rounding to the best signed or unsigned fractional eight-bit 
result. These inputs can also be used for rounding in larger 
multipliers. In the ‘S557, these two inputs are generated inter- 
nally from the mode controls and a single R input. 

The product outputs of the multiplier are controlled by an 
assertive-low Output Enable control. When this control Is at a 
Low logic level the multiplier outputs are active, while if the 
control is at a High logic level then the outputs are placed in a 
high-impedance state. This three-state capability allows 
several multipliers to drive a common bus, and also allows 
pipelining of multiplication for higherTspeed systems. 

fin general: multiplication of an M-bit operand by an N-bit operand results in 


Multiplication of two n-bit operands results in a 2n-bit prod- 
uctf. Therefore, in an n-bit system it is necessary to convert the 
double-length product into a single-length product. This can 
be accomplished by truncating or rounding. The following ex- 
amples illustrate the difference between the two conversion 
techniques in decimal arithmetic: 

39.2"^39 \ 

39.6-^39f 


39.2 + 0.5 = 39.7 -►391 
39.6 + 0.6 = 40.1 -► 40 J 


Rounding 


Obviously, rounding maintains more precision than truncating, 
but it may take one more step to implement. The additional 
step involves adding one-half of the weight of the single-length 
LSB to the MSB of the discarded part; e.g., in decimal arith- 
metic rounding 39.28 to one decimal point is accomplished by 
adding 0.05 to the number and truncating the LSB: 


39.28 + 0.05 = 39.33 -► 39.3 


The situation in binary arithmetic is quite similar, but two cases 
need to be considered: signed and unsigned data represen- 
tation. In signed multiplication, the two MSBs of the result are 
Identical, except when both operands are -1; therefore, the 
best single-length product is shifted one position to the right 
with respect to the unsigned multiplications. Figure 1 illus- 
trates these two cases for the 8x8 multiplier. In the signed case, 
adding one-half of the Sj weight is accomplished by adding 1 
in bit position 6, and in the unsigned case 1 is added to bit posi- 
tion 7. Therefore, the ’S558 multiplier has two rounding inputs, 
Rg and Ry. Thus, to get a rounded single-length result, the 
appropriate R input is tied to Vqq (logic High) and the other 
R input Is grounded. If a double-length result Is desired, both 
R inputs are grounded for the ‘S558, and the single R input 
is grounded for the ‘S567. 


an (M + N)-bit product. 


BINARY POINT ^ 


(a) SIGNED 

MULTIPLICATION 

♦ OMITS.,g 


f 


:^OMIT $15 
SINCE $14 = $15 




(b) UNSIGNED 

MULTIPLICATION-^ 


1 



X6 

X 5 

X4 

X3 

X2 

Xl 

xo 

1 

1 








X 

Y7 • Y6 

Y5 

Y4 

Y3 

Y2 

Yl 

YO 

1 









Sl5 S14^S13 

S 12 

S 11 

S 10 

S9 

S8 

S7 

1 

1 

S6 

S5 

S4 

S3 

S2 

Si 

So 

+ 

• 0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 


* Si4 • S13 

S 12 

S 11 

S 10 

S9 

S8 

S7 

T 

1 










BEST 8-BIT PRODUCT 



1 









. X 7 X 6 

X5 

X 4 

X3 

X 2 

Xl 

Xo 

1 

1 








X 

• Y7 Y 6 

Y5 

Y4 

Y3 

Y 2 

Yl 

Yo 

1 









• S15 S14 

S13 

S 12 

S 11 

SiQ 

S9 

S 8 

1 

1 

S7 

S6 

S5 

S4 

S3 

S 2 

Si So 

4- 

* 0 0 

0 

0 

0 

0 

0 

0 

_L 

1 

0 

0 

0 

0 

0 

0 0 


• S15 Si4 

S13 

S 12 

S 11 

S 10 

S9 

S 8 

T 

1 









BEST 8-BIT PRODUCT 


-FULL 15-BIT PRODUCT 

-ADD 1/2 THE MSB 
WEIGHT OF THE 
DISCARDED PART 


- FULL 16-BIT PRODUCT 

-ADD 1/2 THE MSB 
WEIGHT OF THE 
DISCARDED PART 


(a) In signed (twos-complement) notation, the MSB of each operand is the sign bit, and the binary point is to the right of the MSB. The resulting product has a redundant 
sign bit and the binary point is to the right of the second MSB of the product. The best eight-bit product is from S.J4 through Sy, and rounding is performed by adding 
“1” to bit position Sg. 

(b) In unsigned notation the best 8-bit product is the most significant half of the product and is corrected by adding “1” to bit position S^. 

Figure 1. Rounding the Result of Binary Fractional Multiplication 
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Signed Expansion 

The most-significant product bit has both true and comple- 
ment outputs available. When building larger signed multi- 
pliers, the partial products (except at the lower stages) are 
signed numbers. These unsigned and signed partial products 
must be added together to give the correct signed product. 
Having both the true and complemented form of the most- 
significant product bit available assists in this addition. For 
example, say that two signed partial products must be added 
and MSI adders are used; we then have the situation of adding 
together the carry from the previous adder stage plus the addi- 
tion of the two negative most-significant partial-product bits. 
The result of adding these variables must be a positive sum 
and a negative carry (borrow). The equations for this are: 

S = A® B ® C 

Cqijj = AB + BC + CA 

where C is the carry-in and A and B are the sign bits of the two 
partial products. 

Now an adder produces the equations: 

S = A ® B @ C 
Cqijj = AB + BC + CA 

Examining these equations, it can be seen that, if the inversions 
of A and B are used, then the most significant sum bit of the 


adder is the sign extension bit. 

Sign ext = AB + BC + CA = AB + BC + CA, 
and the sum remains the same. 

16x16 Twos-Complement 
Multiplication 

The 16-bit X operand is broken into two 8-bit operands (Xy-Xg 
and X15-X8), as is the Y operand. Since the situation is that of a 
cross-product, four partial products are generated as follows: 

A = Xl*Yl 
B = Xl-Yh 
C=Xh*Yl 
D=Xh*Yh 

where the subscript L stands for bits 7-0, (“low or least-signifi- 
cant half), and the subscript H stands for bits 15-8. 

Expanded twos-complement multiplication requires a sign 
extension of the B and C partial products. Thus, B15 andCi5 
need to be extended eight positions to the left (to align with 
□15). In this approach two more adders are required. But the 
complement of the MSB (Si 5) on the ’S557/8 can be used to save 
these two adders. Figure 2 shows the implementation of 16x16 
signed twos-complement multiplication in this manner. 


INPUTS 



S3I-24 S23-I6 S15.8 S7.0 

OUTPUTS 

* THESE ARE ADDER BLOCKS USING THE ’S381 , A 4-BIT ALU FUNCTION GENERATOR, TO PERFORM A HIGH-SPEED ADD 


OPERATION. THE 'Si 82 IS A LOOKAHEAD CARRY GENERATOR AND REDUCES THE PROPAGATION DELAY. ALL OF THE 
ABOVE PARTS ARE AVAILABLE FROM MONOLITHIC MEMORIES INCORPORATED. 

TOTAL MULTIPLY TIME = MULTIPLIER DELAY LADDER LEVEL 1 DELAY ADDER LEVEL 2 DELAY = 60 +44+ 64 = 168 nsec 

Figure 2. 16x16 Twos-Complement Signed Muitiplication 


Xi5 

Xi4 

Xl3 

X12 

X11 

X10 

Xg 

X8 X7 

xe X5 

X4 X3 X2 

0 

>< 

* Yi 5 

Yi 4 

Y13 

Yi2 

Y11 

Y10 

Yg 

Y8 Y7 

Y6 Y5 

Y4 Y3 Y2 

Yi Yo 

|Bi 5 Bi 4 Bi3 Bi 2 Bii Bio Bg Baj ] B7 

Be 

BS 

B4 

B3 

B2 

Bl 

"HI 






Eel 

D2 

Di 

D0I 1A15 Ai 4 Ai 3 

Ai2 

All 

A10 

Ag 

“Ail 

Ae As A4 A3 A2 

Ai Aol 

|Ci5 Ci4 Ci3 C12 

C11 

C10 

eg 

C8l|C7 Ce C5 

C4 

C3 

C2 

Cl 




S31 S30 828 828 827 826 825 824 823 822 821 820 

'sig' 

~s^ 

817 

816 815 814 Si3 

812 

811 

810 

88 

88 87 

se S5 84 S3 S2 

Si So 


ROUNDED RESULT 

Figure 3. Unsigned Expansions of the 8x8 Multiplier to 16x16 Multiplication 
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Applications: 

How to Design Superspeed Cray 

Multipliers with ’558s by Chuck Hastings 

Multiplication, as most of us think of it, is performed by repeated 
addition and shifting. When we multiply using pencil and paper, 
according to the familiar elementary-school method, we first 
write down the multiplicand, and then write down the multiplier 
immediately under it and underline the multiplier. Then we take 
the least-significant digit of the multiplier, multiply that digit by 
the entire multiplicand, and record the answer in the top row of 
our workspace, underneath the line. Then we repeat, using now 
the second-least-significant multiplier digit, and record that 
answer below the first one, pushed one digit position (that is, 
“shifted”) to the left. This process continues until we run out of 
multiplier digits (or out of patience), at which point we add up 
the constants of the whole diamond-shaped workspace and 
record at the bottom an answer which consists of either 
m + n - 1 digits or m + n digits, where there are m digits in the 
multiplier and n digits in the multiplicand. An example, voila’: 

125 (multiplicand) 

x107 (multiplier) 

875 (7 X 125) 

000 (0 X 125, shifted left one digit position) 

125 (lx 125, shifted left two digit positions) 

13375 (sum of the above) 

Figure 4. Decimal Multiplication 

The decimal number system has no monopoly on truth — 
our ancestors simply happened to have ten fingers at the 
time when someone came up with the idea of counting. Binary 
numbers, as you know, are more copacetic than are decimal 
numbers with digital-logic elements, which like to settle 
comfortably into one voltage state (“High) or another (“Low”), 
rather than into one of ten different states. So we can repeat the 
above example using binary numbers, right? First, we convert 
our multiplicand and multiplier to binary: 

125io = OIIIIIOI2 
107-10 =011010112 

The subscripts 10 and 2 refer to the “base” or “radix” of the 
number system, 10 for decimal and 2 for binary. (Remember 
your New Math?) For sneaky reasons to be revealed soon. I’ve 
used 8-bit binary numbers, which is one bit more than 
necessary for my example, and added a leading zero. So, we 
multiply: 

OIIIIIOI2 = 125-10 
XOIIOIOII2 = 107-10 
01111101 
01111101 
00000000 
01111101 
00000000 
01111101 
01111101 
00000000 

0011010000111111 = 13375-10 

Figure 5. Binary Multiplication 
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I’ve left off the remarks this time, but they’re just like the 
remarks in the decimal example, at least in principle. Just in 
case you doubt this answer. I’ll convert it back: 


1 

1 


1 

2 


1 

4 


1 

8 


1 

16 


1 

32 


0 

0 

{ 64) 

0 

0 

( 128) 

0 

0 

( 256) 

0 

0 

( 512) 

1 

1024 


0 

0 

( 2048) 

1 

4096 


1 

8192 


0 

0 

(16384) 

0 

0 

13375 

(32768) 


Figure 6. Binary-to-Decimal Conversion 


Now look carefully at the diamond-shaped array of numbers in 
the workspace in Figure 5. Each row is either the multiplicand 
0 1 1 1 1 1 0 1 , or else all zeroes. The 01111101 rows correspond 
to “1” digits in the multiplier, and the all-zero rows to “0” digits in 
the multiplier. Life does get simpler in some ways when we 
switch to binary numbers: “multiplying a multiplier digit by the 
multiplicand” now means just gating a copy of the multiplicand 
into that position if the digit is “1 ,” and not doing so if the digit is 
“ 0 .” 

Seymour Cray, the master computer designer from Chippewa 
Falls, Wisconsin, whose career has spanned three companies 
(Univac, Control Data, and now Cray Research) and many 
inventions, first observed some time in the late 1950s that 
computers also could actually multiply this way, if one merely 
provided enough components. This last qualifying remark; in 
those days when even transistors, let alone integrated circuits, 
in computers were still a novelty was by no means a trivial one! 
To prove his point (and satisfy a government contract), Cray 
designed, and Control Data built, a 48x48 multiplier which 
operated in one microsecond, about 1960. This multiplier was 
part of a special-purpose array processor for a classified 
application, and was so big that a CDC 1604 (then considered a 
large-scale processor) served as its input/output controller. In 
principle, such a multiplier at that time would have had to 
consist of 48 48-bit full adders or “mills,” each of which received 
one input 48-bit number from the outputs of the mill immediately 
above it in the array, and the other 48-bit number from a gate 
which either allowed the multiplicand to pass through, or else 
supplied an all-zero 48-bit number. Actually, these mills have to 
be somewhat longer than 48 bits. Anyway, that is at least 2304 
full adders, and in 1960 a full-adder circuit normally occupied 
one small plug-in circuit card. 

A later version of this multiplier, in the CDC 7600 super- 
computer, could produce one 48x48 product out every 275 
nanoseconds on a pipelined basis. The pipelining was 
asynchronous, and the entire humungous array of adders and 
gating logic could have up to three different products rippling 
down it at a given instant! 
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Back to the 1980s. Monolithic Memories has for several years 
produced an 8x8 Cray multiplier, the 67588, as a single 600-mil 
40-pin DIR After we invented this part, AMD second-sourced it, 
and by now it has become an industry standard. We now also 
have faster pin-compatible parts, the 54/74S558 and 74S557. 
Like other West Coast companies 2,000 miles from Wisconsin 
and Minnesota where Seymour Cray does his inventing. Mono- 
lithic Memories previously used the term “combinatorial multi- 
plier” instead of “Cray multiplier” for this type of part. However, 
“combinatorial multiplier” has nine extra letters and five extra 
syllables, and also inadvertently implies that the technique 
involves combinatorial logic rather than arithmetic circuits. 
Some West Coast designs, including our 67588, use a modified 
internal array with only half as many full-adder circuits and 
slightly different interconnections, based on the two-bit “Booth- 
multiplication” algorithm (see reference 1), plus the two-bit 
“Wal lace-tree” or “carry-save adder” technique (see references 2 
and 3), Conceptually, however, the entire chip or system 
continues to operate as a Cray multiplier. 

the ’558, in particular can be thought of as a static logic network 
which fits exactly the binary multiplication example of Figure 5. 
(See now why I insisted on using 8-bit binary numbers?) There 
are no flipflops or latches whatever in the ’558 — it is a “flow- 
through” device. Its 40 pins are used up as follows: 


Use of Pins 

Input, Output, 

Number 

or Voltage 

of Pins 

Multiplier 

1 

8 

Multiplicand 

1 

8 

Double-Length Product 

0 

16 

Complement of Most- 

0 

1 

Significant Bit of Double- 
Length Product 

3-State Output Enable 

1 

1 

Number-Interpretation- 

1 

2 

Mode Control 

Rounding Control for Product 

1 

2 

Power and Ground 

V 

2 

40 


Table 1. Use of Pins in the '558 


R3 Input Ry Input 

L L 

L H 

H L 

H H 


Effect 

Disable Rounding 
Round Unsigned 
Round Signed 
Nonsense (see below) 


Table 3. Rounding Control Input Encoding 


Rounding is normally disabled if the entire 16-bit double-length 
product output is to be used. If only an 8-bit subset of this 
product is to be used, this subset can be either bits 15-8 for 
unsigned rounding as shown in Figure 7, or bits 14-7 for 
signed rounding as shown in Figure 8. In either case, a “1” is 
forced into the ’558’s internal adder network at the bit position 
indicated by the arrow; adding a “1” into the bit position below 
the least-significant bit of the final answer has the effect of 
rounding, as you can see after a little thought. Obviously, 
forcing a “1” into both of these adder positions at the same time 
is a nonsense operation for most applications — it adds a “3” 
into the middle of the double-length result. 


8 7 






SIGN 

BIT FORCE-ADD 
A “1” HERE 

. SIGNIFICANCE: . 
MOST LEAST 


Figure 7. Unsigned Rounding 


£ 


DISCARD 
KEEP 


01 


COPY OF 
SIGN BIT 




DISCARD 




FORCE-ADD 
A “1” HERE 

SIGNIFICANCE; . 


Figure 8. Signed Rounding 


The two number-interpretation-mode control pins, one for the 
multiplier and one for the multiplicand, allow the format for each 
of these two 8-bit input numbers to be chosen independently, as 
follows: 

Control Input Interpretation of 8-bit Input Number 

L 8-bit unsigned 

H 7-bit plus a sign bit 

Table 2. Mode Control Input Encoding 

The two rounding control pins allow either integer (right- 
justified) or fractional (left-justified) interpretation of the 14-bits- 
plus-sign double-length product of two7-bits-plus-sign numbers 
for internal rounding of the double-length result to the most 
accurate 8-bit number. The control encoding is: 


By now you probably have a fairly good idea of what a ’558 is, 
and would like a few hints as to how to use it, right? First of all, 
there is an occasional application in things like video games for 
very fast multiplication, either 8x8 or 16x16, controlled by an 8- 
bit microprocessor, where there would be one ’558 per system 
(see reference 4). More typically, however, the ’558 is a building 
block, and several of them are used within one system: in fact, 
maybe more than several — “many.” In the usual Silicon-Valley 
jargon, we can cascade a number of ’558 (8x8) Cray-multiplier 
chips to create larger Cray multipliers at the systems level. 

For the sake of concreteness, I’ll discuss the case of 56x56 
multipliers, which are appropriate inTloating-point units which 
deal with “IBM-long-format” numbers which have a 56-bit 
mantissa. Any computer which emulates, or uses the same 
floating-point format as, any of the following computers can use 
such a multiplier: 
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IBM 360/370 

Amdahl 470 

Data General Eclipse 

Gould/System Engineering SEL 32 

Norsk Data 500 (different format) 

There are two basic approaches: serial-parallel, and fully 
parallel. The serial-parallel approach uses seven ’558s, and 
requires seven full multiply-and-add cycles. On the first cycle, 
the least-significant eight bits ot the multiplier are multiplied by 
the entire multiplicand, and this partial product is saved. On the 
second cycle, the next-least significant eight bits of the 
multiplier are multiplied by the multiplicand, and that product 
(shifted eight bit positions to the left) is added into the first 
partial product to form the new partial product. And so forth, for 
five more cycles. It’s almost like our decimal-multiplication 
example of Figure 1, except that instead of base-10 decimal 
digits we now have base-256 superdigits. 

The fully-parallei approach totally applies Cray’s usual design 
philosophy (sometimes characterized as “big, fast, and simple”) 
at the systems level. It uses 49 ’558s, in seven ranks; the ‘i’th rank 
performs an operation corresponding to that done during the 
‘i’th cycle in the serial-parallel implementation. In principle, a 
complete mill is used to add the outputs of one rank of ’558s to 
those of the rank above it. Or, alternatively, these mills can be 
laid out in a “tree” arrangement, such as: 





Figure 9. “Tree” Summing Arrangement of Mills for a 56x56 
Cray Multiplier 

Each letter stands for one rank of ’558s, and each “+” stands for 
a mill of the indicated length. More Involved “Wal lace-tree” 
techniques are usually preferable. (See reference 3). If the 
least-significant half of the double-length product is never 
needed, only 34 ’S558s are required. There is one subtlety 
which needs to be mentioned, if, conceptually, a ’558 looks like 
a diamond — 


MULTIPLICAND 



Figure 10. A Single ’558 in “Diamond” Notation 

then, the 8x56 multiplier for the serial-parallel configuration 
(which is also one rank of the fully-parallel configuration, 
which has seven such ranks) looks like this: 


8-BIT PORTION 

OF 56-BIT 

MULTIPLIER MULTIPLICAND 



Figure 11. 8x56 Cray Muitiplier in “Diamond” Notation 

As you may discover after a moment’s thought, each slanted 
double line in Figure 8 calls fOr addition of the outputs of two 
’558s — the eight most significant bits of one, and the eight 
least-significant bits of the next one to the left. There must also 
be an extra adder (or at least a “half adder”) to propagate the 
carries from this addition all the way over to the left end of the 
result. The upshot is that an extra 56-bit mill Is needed, in 
addition to the ’558s. The eight least-significant bits of the least- 
significant ’558 do not have to go through this mill, since they do 
not get added to anything else. 

One final note: building up a large Cray-multiplier configuration 
out of ’558s requires a lot of full adders, or else a lot of something 
else equivalent to them. Monolithic Memories also makes 
74S381 (a 4-bit “ALU” or “Arithmetic Logic L/nit”) and the 
74S182 (a carry-bypass circuit which works well with the ’381); 
and two faster ALUs, the 54/74F381 and the 54/74F382 are in 
design. These ALUs and bypasses are excellent building blocks 
from which to assemble the mills used for summation within a 
rank of ’558s, and also the mills used for tree-summation of the 
outputs of all ranks. For how to put together one of these mills 
using ’381s, ’382s, and ’182s, see reference 1. For how to use 
PROMs as Wallace trees, see reference 3. 

Now you can go ahead, design your Cray multiplier out of ’558s, 
and start multiplying full-length numbers together in a fraction 
of a microsecond. Sound like fun? 
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Pick the Right 8-Bit — or 16-Bit — Interface 
Part for the Job 

Chuck Hastings and Bernard Brafman 


Introduction 

A few years ago, 20-pin 8-bit buffers, registers, latches, and 
transceivers came into existence as a rather haphazard 
upwards evolution from the MSI devices available in the 
mid-1970s. As time went on, usage of these parts increased 
until they became one of the fundamental computer-system 
building-block “primitives” — the “glue” which holds the 
entire system together. System designers demanded, and 
semiconductor manufacturers provided, many refinements 
such as inverting outputs to reduce parts count in assertive- 
low-bus systems, high-drive outputs to rescue designs with 
overloaded buses, Schmitt-trigger inputs to likewise rescue 
designs troubled with severe bus noise, high-voltage out- 
puts specifically suited for driving MOS inputs, series- 
resistor outputs for driving highly-capacitive loads such as 
dynamic-MOS address buses, and so forth. 

Today the demands are to reduce component costs and 
system board area. Reducing parts count achieves both of 
these objectives at one stroke. With the development of the 
300-mil 24-pin SKINNYDIP™ package, it is now possible to 
effectively incorporate the equivalent of two 20- pin 8-bit 
interface parts into one 24-pin “16-bit interface” part. The 
approach is to look for common configurations of pairs of 
8-bit parts, and implement the pair as a single chip. Common 
configurations include back-to-back “registered (or latched) 
transceivers,” with the same options already available in the 
20-pin 8-bit parts read back registers or latches, and pipelined 
registers or latches. 

Interface Basics 

Where Do Interface Circuits Fit In? 

Interface circuits appear as ungiamorous bread-and-butter 
commodity items, as compared to many of the other more 
complex integrated circuits of today: their sales volume is 
very high, their average selling price is comparatively low, 
and essentially interchangeable parts are offered by several 
suppliers. They have the humble role of being the “glue” 
which holds digital systems together; they are means rather 
than ends in themselves. 

When preliminary system block diagrams turn into detailed 
schematics, the blocks turn into complex circuits — 
microprocessors, multipliers/dividers, automatic dynamic- 
MOSRAM refresh controllers, high-speed FIFOs, program- 
mable-logic circuits, arithmetic-logic units, and so forth. But 
then, however, the //nes between those blocks turn into 
interface circuits, which must be there in the final design but 
never explicitly get noticed during the conceptual-design 
stage! 

The term “interface" is actually a bit of a misnomer, since it 
implies that these parts always occur at a boundary between 
two somewhat different types of logic. That may have been 
true once, and it is still true that many of the circuits com- 
monly called “interface” have inputs and/or outputs which 
are different electrically from those of, say, triple three-input 
NAND gates produced using the identical solid-state-circuit 
technologies. But a general working definition of “interface 
circuits" also has to cover some other parts which get used 



in similar system roles, but have normal inputs and normal 
totem-pole or three-state outputs. One such definition, cur- 
rent today at Monolithic Memories, is 


. . ultra-high performance integrated circuits which do not 
lend themselves to higher levels of integration, due either to 
their paraiiei data structure or to the electricai properties of 
their inputs and/or outputs.” 

Interface circuits get used wherever data must be held, 
transmitted on demand, power-amplified, level-shifted, read 
from a noisy bus, inverted, or otherwise operated upon in 
some simple electrical way. if more complex transformations 
of the data are called for, of a predominantly mathematical 
rather than electrical nature, the designer will typically try to 
perform the required operations with readymade LSI or MSI 
circuits. Even here, of course, interface circuits often have 
the inconspicuous but crucial role of performing format con- 
version so that several LSI circuits can communicate with 
each other. Still, they are viewed as “overhead/ which 
system designers try to minimize and semiconductor pro- 
ducers often rank well below their top level of corporate 
priorities. 

But interface circuits are here to stay, at least for several 
more years. And the realization is growing among both users 
and producers of semiconductors that, since interface parts 
are not about to vanish soon, they need to be treated as 
something more than afterthoughts to the design process. 
Users who select interface circuits shrewdly are achieving 
real gains in system performance and reliability, and signifi- 
cant reductions in system size, weight, and power consump- 
tion. Producers who do a conscientious and professional job 
of developing and marketing these humble parts are finding 
increased demand for their wares, even during recessions. 

Two major trends currently evident in the world of interface 
circuits are: 

• The emergence of an orderly, matrix-like approach to 
interface products, so that taken all together they form an 
array rather than simply a splendid jumble of assorted types. 

• A strong emphasis on increasing the number of data bits 
which can be handled or accomodated by a single interface- 
circuit package. 
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This paper will discuss each of these trends in some detail, 
and will then go on to present some realistic interface appli- 
cations based on several actual designs. 

What Kinds of Interface Circuits Are There? 

Commonly, the label “interface circuit” is applied to any of a 
diverse collection of miscellaneous devices which don’t 
seem to fit into any other classification. As the term is used 
here, however, it means either one of three basic 8-bit 
types— buffers, latches, and registers — which are simple 
interface circuits, or else one of several 16-bit compound 
interface circuit types such as transceivers and pipelines. 

Buffers merely “pass” or transmit information at increased 
power levels.Most contemporary buffer circuits, including 
20-pin 8-bit buffers, also have an electronically-selectable 
electrical-isolation capability. Such a three-state buffer has a 
Wpe of output which can be switched into a "hi-Z” (high- 
impedance) state in which it does not drive, nor appreciably 
load, the circuit node to which it is attached. 

True or noninverting buffers pass the input information along 
with the same polarity (i.e., conventions in the representa- 
tion of ones and zeroes by high and low voltages) that it had 
when it was received. Inverting buffers reverse the polarity 
of the input information from what was received, comple- 
menting all ones to zeroes and all zeroes to ones. 

Most buffers feature standard PNP inputs. However, the 
’S/’LS340/341/344/310 buffers feature Schmitt-trigger inputs, 
with a guaranteed 300/400-milliv0lt deadband (typically twice 
that) centered about the switching threshold voltage. (This nota- 
tion is shorthand for “54/74S340, 54/748341, 54/748344, 
54/748310, 54/74L8340, 54/74L8341, 54/74L8344 and 
54/7418310/’ and will be used frequently hereafter.) These 
8chmitt-triggef buffers won’t respond to input noise pulses 
which would make buffers with normal inputs start to switch, as 
long as the noise pulses do not completely cross the deadband; 
thus noise irrinriunity is improved. 



"...THE 'LS340/34l/344/3f0 BUFFERS FEATURE 
SCHMITT-TRIGGER INPUTS, WITH A GUARANTEED... DEADBAND... ' ' 

Latches ar\6 registers have the same basic capability as 
buffers, but also have the additional capability that they 
retain stored information as long as power is supplied to 
them. Each of these circuit types requires an additional con- 
trol signal in order to perform its system function. 

More specifically, latches use an enable signal. When this 
signal is on, they store information, and their outputs do not 
change even if the information presented to their inputs 
changes. When their enable signal is off, latches act just like 
buffers. Turning on the enable signal In effect “freezes” in 
place whatever information was passing through the latch, 
so that the latch stores it. 

Registers use a clock signal instead of an enable signal. 
When the clock signal goes through a transition from off to 
on, this “rising edge" causes the information present at the 


inputs to be stored in the register, and then to remain present 
at the register outputs until another rising edge occurs. 
When the clock is in a steady-state condition (a "lever), 
either on or off, or even when the clock goes through a 
transition from on to off (a “falling edge"), the outputs of the 
register do not change. Thus, unlike latches, registers lack a 
mode in which they act exactly like buffers and pass informa- 
tion directly from their inputs to their outputs. This lack is a 
consequence of the control signal being “edge-sensitive" 
rather than “level-sensitive:’ 

Transceivers are bidirectional interface circuits capable of 
interconnecting two buses so that information can pass in 
either direction. Most of the transceiver parts in production 
today are buffer transceivers — they are like two cross- 
coupled buffer circuits within a single 20-pin package. A 
16-bit buffer transceiver has eight A-bus data pins and eight 
B-bus data pins. Either the A-to-B buffers may be enabled, 
or the B-to-A buffers, or neither; if both sets of buffers were 
to be enabled, obviously there would be a race condition on 
each of the data lines, and so the control structure of some 
buffer transceivers specifically disallows that mode of opera- 
tion. (Some other types do allow it.) Buffers which are not 
enabled are, of course, in the hi-Z state. Thus each buffer 
transceiver interface circuit consists of eight logical ele- 
ments, and each of these logical elements consists of two 
simple-buffer elements cross-coupled back-to-back so that 
the input line for one is the output line for the other and 
conversely. 

Latch transceivers and register transceivers are now positioned 
to become major factors in the marketplace; several semicon- 
ductor houses now offer such devices. In particular, Monolithic 
Memories now supplies several different families of these devi- 
ces in the 24-pin 300-mil 8KINNYDIP® package; some of these 
families are also supplied by Texas Instruments. A variety of 
speeds and architectures are available; see section 12 of this 
Databook for details. 

Pipelines are unidirectional interface circuits having more 
than one full-width internal latch/register or' stage’,’ but typi- 
cally having just one set of parallel data inputs and one set of 
parallel data outputs. Two-stage latch pipelines, and both 
two-stage and four-stage register pipelines, are available. 
The four-stage devices can store twice as much information per 
package, but the two-stage devices can be reconfigured more 
flexibly and have a greater degree of separate control for each 
stage. 

Understanding and Using Interface 

How Designers Choose Interface Circuits 

In the real world, a digital-logic designer doesn’t set out 
deliberately to use some particular interface circuit whose 
properties he has carefully learned, in the same way that he 
might for instance set out to use a bit-slice registered ALU or 
a multiplier/divider. Rather, as we have said, it is much more 
likely that it all starts with some innocent-looking little line 
between two blocks on his preliminary system block diagram 
which, it turns out, can’t really be just a simple little line 
after all. 

Maybe the data which travels on that little line goes away at 
the source unless the little line is actually also capable of 
seizing it at the proper time and remembering it. Or maybe 
the end of the little line is an assertive-low system bus, with 
enough loads hanging off it to call for almost 30 milliamps of 
drive capability in whatever contemplates driving the bus, 
which doesn’t quite jibe with the 2-milliamp drive capabili- 
ties and assertive-high outputs of the MOS LSI device from 
which the data is coming. 
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At this point the designer needs an interface circuit, and — 
wittingly or unwittingly— he must go through a several-stage 
decision process to determine what interface circuit he 
needs to actually implement that little line, before his block 
diagram can turn into a system. He must also fervently hope 
that, by the time he gets to the final twig on his decision tree, 
the interface part he needs will turn out to actually exist. 
Figure 1 is an example. 

A top-down design approach, as illustrated in Figure 1, isn’t 
always wise with integrated circuits, simply because the 
chances are fairly good that the desperately needed circuit 
actually won’t exist^'’. And there was a time, not all that long 
ago, when only a quasi-random subset of all of the obviously 
possible variations of the basic interface parts had reached 
full production status, so that they could be bought and 
plugged in. The hapless designer just had to memorize what 
that subset was, and do his design bottom-up from there. 

Today, chaos is giving way to order, and enough of the possi- 
ble interface parts which a designer might want do by now 
exist (or will exist shortly) that the kind of top-down thought 
process portrayed in Figure 1 really will work out all right 
when designing with interface. For instance, the line of inter- 
face parts now in production at Monolithic Memories is suf- 
ficiently orderly to be oraanizable into the matrix of the 
Interface Selection Guide on page 11-3 of this databook. 
Although this Guide is still somewhat irregular, It is at least 
recognizable as first-cpusin to a logic-design Karnaugh map, 
and you can actually get your hands on any of the interface parts 
in the matrix. 



Figure !. Interface-Circuit-Selection Decision Tree 


The dimensions of variation for interface parts in any such 
Karnaugh map are, of course, two-valued “Boolean” vari- 
ables. It is realistic from both logical and historical view- 
points to consider that all of the interface parts of the Inter- 
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face Selection Guide have been derived from a very few 
basic types, by implementing those combinations which 
make sense of several two-valued properties of interface 
parts. These are: 

■ Commercial versus military temperature-range operation. 

■ High-speed Schottky (S-TTL) or low-power Schottky 
(LS-TTL) speed/power range. 

■ Noninverting or inverting outputs. 

■ No memory capabilities in the logical elements, so that 
they operate as buffers; or memory capabilities therein, 
further subdivided according to whether the logical ele- 
ments operate as latches or registers. 

■ Compound 16-bit interface circuits or simple 8-bit inter- 
face circuits. 

■ Hi-drive or standard levels of current-sinking capability 
(Iql) at the outputs. 

■ Schmitt-trigger Or standard inputs. 

■ For non-three-state parts, master-reset or clock-enable 
control inputs. 

■ Series-resistor or standard outputs. 

Obviously, not all imaginable combinations of the above 
properties actually exist as parts, or would even be useful if 
they did; and semiconductor houses cannot afford for long 
to offer 2" interface-circuit part types for rapidly increasing 
n. Moreover, certain of the properties which in the past have had 
just two possible major choices (e g., 3-TTL and LS-TTL) today 
have more than two; for instance. Section 12 of this Databook 
includes some CMOS parts. 

Nevertheless, by now the matrix approach has been fully- 
enough implemented to offer a very helpful perspective to 
the working designer. 

Part numbers today allow some of the properties of interface 
circuits to be directly inferred, at least if the part number 
follows the conventions of the industry-standard “54/74 ” 
numbering series. 54/74 part numbers have a well-defined 
format VVE4TxxxR with the following interpretation: 

■ VV — a prefix which varies somewhat from vendor to vendor. 

■ E4 — a temperature-range environmental specification. 

“54” implies the military temperature range (-55°C 
to + 1250 C), and “74” the commercial temperature 
range (0°C to +70°C for several vendors, and 0°C 
to +75°C for Monolithic Memories). In any case, 
interface circuits must run properly over a very wide 
temperature range. 

■ T — a solid-state-circuit technology. Upwards of a dozien 

of these have been promoted, with widely varying 
success, during the last decade. The earliest one, 
plain old gold-doped TTL, omitted using any special 
letter in part numbers. Today, the two dominant 
technologies are “S ” (high-speed Schottky) and 
“LS” (Low-power Schottky). Others becoming quite 
important include “F” (for “FAST,” a lower-power form 
of high-speed Schottky); “ALS” (advanced low-power 
Schottky); and “SG,” “HCT” and "ACT” (isdplanar 
CMOS processed to be fully TTL-voltage-level 
compatible). 

■ XXX — a two-digit, three-digit, and today sometimes even 

four-digit number which uniquely specifies the pin- 
out oi the part and its “functional behavior” (see the 
explanation which follows), independent of speed/ 
power range. 
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Figure 2. Pinouts for the Three Basic 20-Pin Interface Parts 


■ P — a package type: plastic, cerdip, flatpack, leadless 
chip carrier, sidebrazed ceramic, small-outline 
surface-mount, or whatever. 

The functional behavior of a circuit can be defined some- 
what circularly as “what a designer needs to know about the 
circuit in order to construct designs which operate properly 
using parts from any supplier interchangeably.” This defini- 
tion is akin to one classic definition of computer architecture 
as “...the structure of the computer a programmer needs to 
know in order to be able to write any program that will cor- 
rectly run on the computer.”'’^ 



"... INTERFACE CIRCUITS MUST 

RUN PROPERLV OVER A VERV WIDE TEMPERATURE RANGE . . . " 


Two parts produced using different solid-state-circuit tech- 
nologies may exhibit essentially the same functional behav- 
ior. If that is the case, and if either part will also satisfy system 
timing constraints (which is an issue quite separate from that 
of “functional behavior”) and input/output voltage compati- 
bility constraints, the designer does not need to care what 
kind of interna! gates are used within the part— Schottky 
TTL, ECL, CMOS, NMOS, or water wheels. On the other 
hand, two parts produced using the same technology may 
have subtle, or even drastic, differences in their functional 
behavior; for example, one may have inverting outputs, or 
hi-drive outputs, or Schmitt-trigger inputs whereas the other 
does not. 

The Matrix of Interface Part Types 

The interface parts of the Interface Selection Guide mostly have 
one of just three different pinouts, shown in Figure 2, in their 
usual 20-pin plastic or cerdip SKINNYDIP form. 


All of the buffers have the same pinout as the ’S240. They 
differ in speed/power range, in the polarity of the outputs, in 
the noise-rejection capabilities of the inputs (Schmitt- 
trigger or standard), and in enable structure (complementary 
or assertive-low) as shown in Figure 3, which really /s 
unequivocally a Karnaugh map. 

COMPLEMENTARY ASSERTIVE-LOW 

ENABLES ENABLES 


SCHMITT- 

TRIGGER 

INPUTS 


USUAL 

INPUTS 


INVERTING NON-INVERTING INVERTING 

OUTPUTS OUTPUTS OUTPUTS 


’S210 

’S241 

’S244 

’S240 

’S310 

’S341 

’S344 

’S340 

’LS310 

’LS341 

’LS344 

’LS340 

’LS210 

’LS241 

’LS244 

’LS240 


USUAL 

INPUTS 


Figure 3. 8- Bit Three-State Buffers 


Most of the latches and registers have the same pinout as the 
’S374. They differ in whether the memory control line is 
level-sensitive (latch) or edge-sensitive (register), in 
speed/power range, in the polarity of the outputs, and in the 
Iql (current-sinking drive) capability of the outputs as shown 
in the Karnaugh map of Figure 4. 
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(24-mA) 

OUTPUTS 


Figure 4. 8-Bit Three-State Latches and Registers 
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The three transceivers of the Interface Selection Guide are 
more specifically duffer fransce/Vers— compound 16-bit 
interface circuits like two 8-bit buffer circuits cross-coupled 
“back-to-back” within a single device. They differ in input- 
current and output-leakage-current specifications, which 
here are indistinguishable for test purposes since every data 
pin is both an input and an output; the ’LS245 specification 
is tighter. (The ’LS245-1 is also specified as faster, but that is 
not a difference in “functional behavior.”) There is also a 
difference in Iql capability: the ’LS645-1 is specified as 
higher. Actually all three devices undergo identical fabrica- 
tion, and are separated only at final testing; for instance, 
those ’LS645S capable of meeting the 48-mA Iql specifi- 
cation in both directions drop into a separate bin. 

Upcoming developments in interface parts will tend in many 
cases to follow the matrix approach, at least partially. Even 
where the new parts do not fit perfectly into the matrix of 
existing parts, some attention is likely to be paid to issues of 
balance and symmetry over the entire interface-circuit 



In some cases, new interface parts directly “fill in the holes” in 
the matrix. For instance, some recent additions to Monolithic 
Memories’ line of interface parts are: 


Speed/ 


Function 

Power 

Polarity 

Feature 

Part Number 

Register 

S 

Noninv. 

Master 

Reset 

SN54/74S273 

Register 

S 

Noninv. 

Clock 

Enable 

SN54/74S377 

SN54/74S383@ 

Buffer 

s 

Noninv 

Series 

Output 

Resistor 

SN54/74S734* 

Buffer 

s 

Noninv. 

Series 

Output 

Resistor 

SN54/74S731 

Buffer 

s 

Inv. 

Series 

Output 

Resistor 

SN54/74S730# 

Buffer 

s 

Inv. 

Series 

SN54/74S700 


Output 

Resistor 


NOTES: The ’S383 differs from the ’S377 only in hav- 

ing open-collector outputs rather than totem- 
pole outputs. 

*— The ’S734 is a direct replacement for AMD’s 
Am2966. 

#— The ’S730 is a direct replacement for AMD’s 
Am2965. 

Table 1. Recent Additions to the Monolithic Memories Inter- 
face-Part-Type Matrix 


"...THE '5273 AND '5377, 
LIKE THEIR L5-TTL COUNTER- 
PART5, ARE DE5IGNED WITH 
5TANDARD TTL TOTEM POLE' 
0UTPUT5..." 


The ’S273 and ’S377 bring to higher-performance TTL sys- 
tems the same functional behavior which has long been 
available for medium-performance TTL systems, with the 
popular ’LS273 and ’LS377 parts. The ’S273 and ’S377, like 
their LS -TTL counterparts, are designed with standard TTL 
“totem-pole” outputs. Somehow, in the somewhat more cha- 
otic early days of 8-bit interface, the need for high-speed 
Schottky versions of these parts got overlooked by most 
interface producers. 

Since the ’S273 and ’S377 are totem-pole-output parts, the 
control pin which gets used on the ’S374 (whose pinout they 
otherwise follow) for “Output Enable” for the three-state 
outputs is available for something else. The ’S273 uses it as 
a “Master Reset” (MR) input, capable of forcing all of the 
eight D-type flipflops on the chip into the off (low) state 
simultaneously, regardless of their previous state — or of the 
state of the clock line and/or the data-input lines. The ’S377, 
on the other hand, uses that same pin as a “Clock Enable ” 
(CK EN) input, which in effect either allows the clock signal 
to reach tnb eight D-type flipflops on the chip, or else cuts it 
off from reaching the flipflops so that they are not clocked 
and just sit there holding whatever information they contained 
previously. The ’S383 is a slight modification of the ’S377 to 
provide open-collector rather than totem-pole outputs. 

The major applications for these parts are in situations where 
’S374s would be d ifficult to control appropriately. Because 
of the ’S273’s MR input, its forte is control applications— 
instruction registers, microinstruction registers, timing- 
pulse registers, and sequential circuits in general, and 
sometimes as eight individual separate D-type control 
flipflops in one package. In all of these applications, there 
has to be a way to force the system into some proper initial 
state, so that it “starts off on the right foot” and does not get 
into some unplanned-for, untestable, unpredictable machine- 
psycho condition onpoy^r-up. The ’S377, on the other 
hand, because of its CK EN input, is the optimum choice for 
the highest-performance TTL pipeline paths for data, 
instructions, microinstructions, and address parameters 
in “overlapped -architecture” machines such as array pro- 
cessors and high-performance minicomputers. Its open- 
collector counterpart, the ’S383, can be used to drive open- 
collector buses or to provide wired-OR or wired-AND logic 
functions. 

The ’S700, ’S730, ’S731, and 'S734 feature a new type of 
output stage incorporating a series resistor, designed to effi- 
ciently drive highly-capacitative loads such as arrays of 
dynamic-MOSRAM inputs. Rise and fall times are more 
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symmetric than with ’S240-type buffers, and the latter need 
an external series limiting resistor for their own protection 
when driving highly capacitative loads. 

Consequently, although ’S240-type buffers may exhibit 
greater speed when tested under light loading conditions, 
’S730-type buffers are likely to perform better under realis- 
tic system conditions when driving large distributed capaci- 
tative loads is a major factor in the application. 

Of these four new buffers, two— the ’S730 and ’S734— are 
second-source versions of the Am2966 and Am2966 
respectively, originally introduced by AMD. The other 
two— the ‘S700 and ’S731 — are complementary-enable ver- 
sions of the ’S730 and ’S734 respectively, just as the ’S210 
and ’S241 are complementary-enable versions of the ’S240 
and ’S244 respectively. Cpmplementary-enable buffers 
excel in driving buses with two multiplexed sources for 
the Information, such as instruction addresses and data 
addresses in a bit-slice bipolar microcomputer system. 

The four ’S730-type parts may be grouped with Monolithic 
Memories’ line of conventional and Schmitt-trigger-input buffers 
in a 2x2 matrix chart or Karnaugh map, with the dimensions of 
this map chosen to be the polarity of the second-buffer-group 
enable Input E2 (here across the top) and the polarity of the 
data-buffer logical elements themselves (here down the side), 
thus: 



Polarity of E 2 * 

E2 

E2 

Polarity 
of Data 
Buffers 

Inverting 

’LS240 

’LS340 

’S240 

’S340 

’S730 

’LS210 

’LS310 

’S210 

’S310 

’S700 

Noninverting 

’LS244 

'LS344 

'S244 

’S344 

'S734 

’LS241 

’LS341 

’S241 

’S341 

’S731 


* Since is assertive-low fora// of these parts, the parts with an assertive-low 
E2 are “assertive-low-enable” parts, whereas the parts with an assertive- 
high E2 are “complementary-enable” parts. 


Table 2. 8- Bit Buffers Grouped by Polarity and Enable Struc- 
ture 

By this time, many presently-unused SN54/74xxx part 
numbers have already been reserved for other potential new 
parts, even though not all of these parts are yet in produc- 
tion. Nevertheless, it was at least possible to part-number 
these four series-output-resistor buffers in such a way that 
the relationship among the four types remains the same as 
for ’S240-type buffers. To state this another way, one can add 
490 to the last three digits of the usual buffer part number to 
get the part number for the corresponding series-output- 
resistor part, e.g., ’S241 + 490 = ’S731 , etc. 

Directions In The Evoiution of Interface 
Parts 

More Bits per Package 

Historically, the first interface parts were 16-pin TTL devices 
offered during the early 1970s, usually with four or six “logi- 


cal elements” per package. One “logical element” handles 
one data bit; in simple interface parts, a logical element may 
be a buffer, a latch, or a register (with “register” here imply- 
ing an edge-triggered flipflop). 

As the digital-electronics industry shifted from MSI to LSI 
integrated circuits, and from the quaint and irregular old- 
time computer word lengths to word lengths which are mul- 
tiples of eight bits (most often 8, 16, or 32), 8-bit interface 
devices became the only way to go for simple electrical data 
transformations— chip counts got intolerably high with 4-bit 
devices, and 6-bit devices were awkward misfits in most of 
the newer designs.''^ And, to have eight input data lines, eight 
output data lines, power and ground, and two control signals, 
an integrated-circuit package has to have 20 pins. 

To conserve board space, the width of this 20-pin package 
was chosen to be 300 mils (.300”) like that of the overwhelm- 
ing majority of the then-existing bipolar MSI and SSI 
devices. Hence, during the 1970s, the present 20-pin 
300-mil SKINNYDIP package became the standard for 
interface circuits. One 20-pin SKINNYDIP takes up only 
about half as much board space as one of the older 600-mil 
24-pin packages, which were then being used for a few early 
8-bit interface parts such as the Intel 821 2. 



'. . .ONE 20-PIN SKINN'/DIP™ UKES UP ONLV ABOUT 
HALF AS MUCH BOARD SPACE AS ONE OF THE OLDER 
600-MIL 24-PIN PACKAGES. . ." 


24-pin interface parts were obviously the next major develop- 
ment to come. In the early 1980s, mechanical packaging prob- 
lems which previously had inhibited the introduction of a 24-pin 
300-mil SKINNYDIP were solved, and this package is now also 
in widespread use for PROMs, PAL programmable-logic cir- 
cuits, and so forth. So what might one do with four additonal 
pins in an interface part? 

One answer is to spend all four of them for additional control 
signals in order to achieve more flexible parts, such as the 
Monolithic Memories SN54/74LS380 “multifunction” 8-bit 
register. (See page 6-16 of this databook.) This part is actually 
implemented with “hard-array logic” technology, and has an 
internal structure like one form of PAL. 

Another answer is to spend all four of them for additional 
data signals, equally for inputs and outputs. The result is 
10-bit interface parts with functionality similar to that of 
existing 20-pin 8-bit parts. 

A middle-of-the-road answer is to divide them equally 
between control signals and data signals. This approach 
leads to 9-bit interface parts with improved functionality. 

16-bit “double-density” interface-circuits — dual 8-bit 
circuits in a single 24-pin SKINNYDIP — are a more far- 
reaching answer than the preceding ones. These circuits use 
the four extra pins to provide separate control inputs for both 
8-bit internal groups, and also to provide improved function- 
ality. The number of data pins is held at 16 by multiplexing 
the use of two 8-bit groups of input and/or output pins. 
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The motivation for 16-bit interface parts is, first of all, to cut 
component counts by replacing two parts with one in as 
many situations as possible, in order to save board space 
and assembly costs. Particularly in high-performance com- 
puters and array processors, the packaging itself is expen- 
sive when it must be designed to provide a proper signal- 
transmission environment for ultra-fast logic. An almost-50% 
cut in the board area required for the interface parts— here, 
as always, the “glue” which holds the whole system 
together— may result in major indirect savings. 

But there are other incentives besides sheer cost reduction 
which favor cramming as much logic as possible into a given 
board area. There usually is only one board size in a chassis 
(or even in a system), and any logic subsystem which cannot 
fit onto one such board immediately incurs a speed penalty 
attributable to board-to-board communications— extra buff- 
ers for noise-free signal transmission, extra signal-path 
length on each board over to the edge where the connectors 
are, more extra length in the backplane wiring, and lots of 
additional inductance and capacitance permeating all of the 
above. 

So, saving board area is very likely to improve both system 
cost and system performance, by increasing the probability 
that a given logic subsystem will fit onto just one board. 

interface-part internal element density has for many years 
been increasing at a rate which is, to say the least, unspec- 
tacular. Going from four to six to eight to sixteen logical 
elements in an interface-circuit package doesn’t seem like a 
whole lot, compared for instance to going from 1K to 4K to 
16K to 64K to 256K bits in a single dynamic-MOSRAM 
package in roughly the same number of years. 

But, consider what a true LSI interface circuit would have to 
look like— one with the same magnitude of “equivalent gate 
count’’ being bandied about for today’s microprocessors, 
dynamic MOSRAMs, and so forth. First of all, it would need 
to have several hundred data inputs and several hundred 
data outputs, so that the most immediately-plausible 
mechanical design for a package would resemble a sea 
urchin! And, if it were implemented using any present-day 
TTL technology, the part would dissipate enough watts to 
need cooling fins like a Porsche cylinder head! 

And so it has turned out that progress over time in increasing 
the logical-element density for interface parts has been 
more or less linear, while progress in increasing the level of 
integration for microprocessors and dynamic MOSRAMs 
has been more or less exponential. It is no accident that a 
basic phrase of the definition for “interface circuits” quoted 
earlier in this paper is . . which do not lend themsives to 
higher levels of integration . . If these same density trends 
continue, digital electronic systems of the future may actu- 
ally have a higher proportion of packages allocated to inter- 
face circuits than is typical today, which if it happens is likely 
to surprise quite a few people. 


Structure of 16- Bit Interface Circuits 

Common configurations of two 8-bit interface parts used 
together furnish a natural starting point for the definition of 
useful 16-bit interface parts. When the same configuration 
tends to occur over and over again, it is natural to “draw a 
boundary around it and put it all on one chip;’ unless of 
course the resulting compound chip turns out to need too 
many pins. 


Figure 5 illustrates three such two-part configurations which 
are observably very common, and intuitively very plausible: 

■ “Back-to-back” or “cross-coupled’.’ (Figure 5A). 

■ “Nose-to-tail” or “pipelined” (Figure 6B.) 

■ “Side-by-side” Or “parallel;’ (Figure 5C.) 



Figure 5A. Back-to-Back Configuration 



Figure 5B. Nose-to-Taii Configuration 



Figure 5. Common Configurations of Two 8- Bit Interface 
Parts 


The back-to-back configuration, when applied to simple 
8-bit buffers, leads to buffer transceivers such as the ’LS245 
The ’LS245 is, of course, still a 2d-pin part; the choice was 
made to change its enable structure from that which would 
be strictly implied by placing two ’LS244s back-to-back, in 
order to hold the package size to 20 pins and to disallow 
having both directions simultaneously enabled. These same 
statements continue to hold for the ’LS645 and ’LS645-1. 
The ’LS640 and ’LS640-1 are inverting buffer transceivers, 
and the ’LS643 and ’LS643-1 incorporate an 8-bit inverting 
buffer back-to-back with an 8-bit noninverting buffer; there 
are also open-collector equivalents to these parts and the 
’LS645 and ’LS645-1. The entire series features the same 
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enable structure, with a master enable line E controlling 
both sets of buffers and a direction line DIR to allow just one 
direction to be enabled at a time. 



Figure 6. Two-Stage Pipeline Register Configuration 

Applied to ’LS373 latches and ’LS374 registers, the 
back-to-back configuration leads to the 24-pin ’LS547 latch 
transceiver and the ’LS546 register transceiver respectively. 
These parts are just what one would expect them to be, with 
individual output-enable and clock control inputs for each 
8-bit group, except that there are enough pins to also give 
each group clock-enable control inputs like the ’S377. The 
’LS667 and ’LS566 are the corresponding inverting parts. 

The nose-to-tail and side-by-side configurations do not lead 
to anything very interesting with buffers, at least as long as 
there are only enough pins for one 8-bit input data path and 
one 8-bit output data path. Latches and registers, however, 
are entirely another matter. It turns out to be attractive to 
combine these two configurations, even though at first 
glance they look quite dissimilar, into a single “two-stage 
pipeline” configuration as shown in Figure 6. Such a two- 
stage pipeline can operate in either a nose-to-tail mode or a 
side-by-side mode, according to the setting of the two inter- 
nal multiplexers shown in Figure 6. Applied to ’LS373 
latches and ’LS374 registers, this more powerful configura- 
tion leads to the 24-pin ’LS549 latch pipeline and the ’LS548 
register pipeline. For these parts, the control inputs are a 
final-stage output enable, selects for each mux, a common 
clock (or latch-enable for the ’LS549) input for both stages, 
and individual clock-enable inputs for each stage. 

To clarify the timing control of these parts, the 16-bit register 
parts (’LS546, ’LS566, and ’LS548) have individual clock- 
enable signals for each 8-bit group, and either individual 
clock signals (’LS546 and ’LS566) or a common clock signal 
(’LS548). The 16-bit latch parts (’LS547, ’LS567, and ’LS549), 
since the “clock” signal turns into a level-sensitive latch- 
enable signal, have two independent ways of enabling 
storage in each of the two stages. Thus, the ’LS547 and 
’LS567 parts feature two separate and equivalent latch-enable 
control inputs for each 8-bit group, either one of which can 
cause the group to “latch up” and store information. The 
’LS549 part has the same operating mode, except that each 
8-bit group has one separate latch-enable control input and 
there is one more latch-enable input common to both groups. 
Read-back latches and registers (’LS793 and/LS794) also have 
a back-to-back structure: but their “return” element Is a buffer 
(resembling, say, a ’244), rather than another latch or, register. 

As with other TTL 8-bit latches and registers, the part-numbering 
scheme for all of the parts just mentioned assigns odd numbers 
to latches and even numbers to registers. 

Front-loading latches are one other type of 16-bit interface 
part. The ’LS646 (noninverting) is to a first approximation an 
’LS645 superimposed upon an ’LS546. (The numbering 
scheme wasn’t planned to be that cute— it just happened.) 
The ’LS648 is a similar inverting part. To clarify what is 


meant, each of the eight logical elements of an ’LS646 con- 
sists of two back-to-back buffers and two back-to-back 
flipflops, with a parallelled buffer and flipflop pointing in the 
A-to-B direction and a similar buffer-flipflop pair pointing in 
the B-to-A direction. The ’LS646 and ’LS648 are three-state 
parts: the ’LS647 and ’LS649 are respectively the equivalent 
open-collector parts. The ’LS651 (inverting) and the ’LS652 
(noninverting) are equivalent to the ’LS648 and ’LS646 respec- 
tively, but have a different control structure which allows inde- 
pendent enabling of either direction; the ’LS653 and ’LS654 are 
versions of the ’LS651 and ’LS652 respectively in which the 
A-direction output buffers are open-collector, and the B- 
direction buffers are still three-state. 

32-bit interface parts are also visible on the horizon. Two 
four-stage pipelines, the Am29520 and Am29521, are 
offered by AMD as members of a series of signal-processing 
parts, and Monolithic Memories is introducing them also as the 
’S720 and ’S721. As compared to the ’LS548 and ’LS549, they 
offer twice as many stored bits per square inch of board, but 
considerably less flexibility in accessing and controlling register 
contents. 

The matrix approach to classifying various interface parts 
can be extended to encompass transceivers and pipelines, 
as is done in Table 3. The correspondence between the vari- 
ous 8-bit Sim pie- interface parts and the 16-bit compound 
interface parts which are in a sense derived from them, is 
summarized in Table 4. 


Configu- 

ration 

Buffers 

Latches 

Registers 

Front- 

Loading 

Latches 

Simple 

’210 ’310 
’240 ’340 
’241 ’341 
’244 ’344 

’373 ’531 
’533 ’535 

’374 ’532 
’534 ’536 


Back-to- 

’245 

’547 

’546 

’646 ’647 

Back 

’640 ’640-1 
’643 ’643-1 
’645 ’645-1 

’567 

’566 

’648 ’649 
’651 ’652 
’653 ’654 

Two-Stage 

Pipeline 


’549 

’548 

— - 


Table 3. Matrix Classification Scheme for 8-Bit and 16-Bit 
interface Parts 


Simple 

Compound 

Number 



Interface 

Interface 

Of 


Regis 

Type 

Type 

Pins 

Buffer Latch 

ter 


Transceivers: 




’244 

’245 ’645 
’645-1 

20 

X 


’240 

’640 

’640-1 

20 

X 


’240/’244 

’643 

’643-1 

20 

X 


’373 

’547 

24 

X 


’374 

’546 

24 


X 

’533 

’567 

24 

X 


’534 

’566 

24 


X 


Pipelines: 




’373 

’549 

24 

X 


’374 

’548 

24 


X 


Table 4. Equivalences Between Simple and Compound 
Interface Types 
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Various Applications of Interface Parts 

Some Logic- Design Examples 

Several illustrative designs using various interface parts may 
suggest some design insights and some creative ways to use 
interface. The designs presented have generally been 
excerpted from actual digital systems. 

Reading a switch setting to establish an externally-defined 
system parameter, such as a device address, is a mundane 
but essential task in many microprocessor-based systems. 
Figure 7 illustrates how a group of eight switches may con- 
veniently be read using a byte-wide buffer such as the 
’LS244. Since the switches must be electrically isolated 
from the bus, the ’LS244’s three-state outputs are disabled 
by control signals originated by the microprocessor until the 
time comes to read in the switch settings. Because the 
’LS244 can supply up to 24 milliamps of Iql to drive the bus, 
this simple scheme can be utilized even on heavily-loaded 
system data buses. 

If still more drive capability is needed, an ’S244 in the same 
configuration can sink up to 64 milliamps. And, if the system 
is to be operated in an industrial environment and the switch 
signals entering the buffer inputs are subject to severe 
noise, the Schmitt-trigger ’LS344 type of buffer can also be 
substituted for the ’LS224 with no other change to the cir- 
cuit. 



Figure?. Switch-Setting Readin Circuit 


Interfacing two separate buses is a very standard application 
for transceivers. Figure 8 shows an ’LS245, which has a con- 
trol structure such that one control signal selects the direc- 
tion of data transfer and the other one independently allows 
data transfer to be enabled or disabled. Thus, the two buses 
can be operated totally isolated from each other, or else 
either one may be made to follow the other. Depending on 
the drive-capability and polarity requirements of the applica- 
tion, any of the other buffer transceivers might be used here 
instead. Or, if memory as well as cross-coupling is required, 
a latch transceiver or register transceiver might also be used 
in a similar manner. 

Driving a dynamic-MOSRAM address bus with a multiplexed 
row/column address can conveniently be done with an ’S700 
as shown in Figure 9. This part is an inverting complementary- 
enable buffer with a series-resistor output structure, which is 
an ideal combination of characteristics here. 

First of all, a TTL inverting buffer normally has one less 
transistor — and hence one less delay — in its internal data 
path than does an equivalent noninverting buffer, and hence 
is faster. And dynamic MOSRAMs really don’t care if their 
addresses come in “true” or “complemented” form as long as 
that form never changes. 


Second, a complementary-enable buffer can easily multiplex 
two different address sources to the same set of outputs 
without introducing extra switching delay, or allowing a 
mome ntary “bus fight” condition, if the same control signal 
(here CAS or “Column Address Strobe”) is tied directly to 
both E-j and E2 and the two 4-bit groups of outputs are tied 
together. 

Finally, because of the internal series resistor in the‘S700’s 
output structure, this part (like the ‘S730/1/4) can drive highly 
capacitative loads, of say up to 70 dynamic-MOSRAM inputs, 
without the need for external limiting resistors to control 
undershoot, resulting in a net system speed gain since signal 
rising and falling transition times remain symmetric. Otherwise, 
the effective logic delay of the buffer (which is simply the 


' .4 ^ 


•* — ^ ► ' 


74LS245 


SYSTEM ^ r 

^ ^ SYSTEM 

“A” 

- y ..g,. 

BUS ^ 

T ®US 




. ^ 


^ ^ , 


A TO B — — 1 

ENABLE 

Figure 8. Interfacing Two Separate Buses 



ROW/COLUMN 

ADDRESS 


Figure 9. Multiplexed Row/Column Address Drivers 


worse of the two transition times) would get degraded, since 
the use of an external series resistor would have greatly 
lengthened the low-to-high transition time. 

Dernultiplexing and holding address and data words for 
single-bus microprocessors \s an application which takes 
advantage of the strong points of the 8531 as shown in 
Figure 10. Since the ’S531 is a “transparent latch” and can 
operate as a buffer when necessary, the memory system 
designer can take advantage of the full time slots when the 
address and data signals are present on the microprocessor 
outputs. Because the address and data signals are then 
present for a longer period of time at the ’S531 outputs, it 
may be possible to use slower (and therefore less expen- 
sive!) memory devices than if edge-triggered registers had 
been used here instead. The three-state outputs of the 
’S531 allow the designer to implement bidirectional data 
buses and DMA address schemes. Variations on this 
approach can use ’S373s if less drive capability is needed, or 
’LS373s if less speed is needed as well; or ’S535s, ’S533s, or 
’LS633 s under the same respective circumstances if the 
address and data buses to be driven are assertive-low 
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16-BIT 

ADDRESS 

BUS 


16-BIT 

DATA 

BUS 


Figure 10. Address/Data Demultiplexer for Single-Bus 
Microprocessors 


according to the system definition. If the data-bus interface 
needs to have latching capability also for data returning to 
the microprocessor, then ’LS547s are an excellent choice. 

Synchronizing the state changes of a PROM -based control 
sequencer is easily performed using a register with a 
clock-enable feature, like the ’LS377 shown in Figure 11. In 
this simple sequencer, a 4-bit counter steps through the 
PROM addresses. The counter may be reset to address 
0000, or loaded with any 4-bit address. The 32 x 8 PROM, 
with five address lines, allows for one external input as well 
as the four bits from the counter. The PROM outputs are 
pipelined using the ’LS377, which eliminates PROM output 
glitches, synchronizes the state changes of the sequencer 
with the system clock, and speeds up the effective cycle 
time. The availability of enable control inputs on both the 
counter and the ’LS377 allows forcing “wait ” states, where 
both the counter and the register hold their current state for 
extended periods of time. If a higher-speed implementation 
of this design is needed, a 74S161 or 93S16 counter can 
replace the 74LS161, one of Monolithic Memories’ new 
63S081A ultra-speed 32x8 PROMs (15 nsec worst-case and 
9 nsec typical for tAA. instead of 50 and 37 nsec respectively) 
can replace the 6331-lvand an ’S377 can replace the ’LS377. 

Saving Designs at the Last Minute, or Planning Ahead 

Designs hanging out over the edge of unworkability can 
sometimes be salvaged without any redesign effort, by 
replacing standard interface parts with hi-drive, Schmitt- 
trigger-input, or even just inverting pin-compatible parts. 
Hi-drive parts such as the ’S532 or ’LS645-1 get dropped 
into 8374 or ’LS645 sockets respectively late in the design 
cycle, when the designer suddenly discovers that he has 
hung several too many inputs on his main system bus. 
Schmitt-trigger-input parts such as the ’LS341 likewise get 


dropped into ’LS241 sockets shortly after the designer has 
recovered from his first observation of his actual bus wave- 
forms on a good laboratory oscilloscope — it’s that or back to 
the old drawing board. And, when he suddenly remembers 
after laying out a tightly packed board that “Oh, xxxx, that 
particular bus is assertive-/ow” it’s nice to be able to simply 
substitute an ’S534 for an ’S374 in a few places rather than 
having to find room for several inverter packages. So a 
designer who has learned to think of interface parts in terms 
of the matrix approach will now and then find a particularly 
quick route to saving his skin. 

EXTERNAL — . 

INPUT I 


LD 


BRANCH 

ADDRESS 


CLOCK 


ENABLE 
RESET - 


Figure 11. Synchronous PROM-Based Control Sequencer 

However, an astute designer may use hi-drive, Schmitt- 
trigger-input, and inverting parts quite deliberately in order 
to gain speed, economy, drive capability, or noise immunity. 
A number of the industry-standard buses in the microcom- 
puter world are assertive- low; and inverting buffers, latches, 
and registers are much more appropriate for connecting 
these to a microprocessor, or to a bit-slice arithmetic unit, 
than non-inverting parts with extra inverters in series just to 
make the polarity come out right. Similarly, Schmitt-trigger 
hex inverters whose only function in the data path is to pro- 
vide noise immunity can be eliminated by using ’LS340-type 
buffers, which also provide significant drive capability and 
three-state outputs. The need to parallel three-state drivers 
and registers and split drive lines, just for extra drive capabil- 
ity, can be reduced or eliminated by using hi-drive parts. 
And, in an obvious but not trivial switch, substituting a 
high-speed Schottky part for a low-power Schottky equiva- 
lent part can beef up drive capability considerably. 


LD 

74LS161 


6331-1 

OR 

63S081 

(32x8 

PROM) 




CONTROL 

OUTPUTS 



Figure 12. Flat-Cable Transmission Scheme Using Hi-Drive 
and Schmitt-Trigger-Input Interface Parts 


Board-to-board signal transmission via fiatcabie is a particu- 
larly nice application for both hi-drive and Schmitt-trigger- 
input interface parts. The 32-mijliamp outputs of, say, an 
’S532 are better matched to the characteristic impedance of 
flat cable (usually 100 to 120 ohms) than 20-milliamp outputs 
would be. An adequate scheme, in many cases, for the 
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transmission of ofafa from board to board uses 3M or similar 
flat cable. Every second cable wire is grounded at both ends 
for shielding, so that signal wires alternate with ground wires 
(“signal-ground-signal-ground”), and there is at least one 
ground wire at each edge of the cable. Signal wires are 
driven by 32-mA hi-drive latches or registers, and the 
receivers are Schmitt-trigger-input buffers, and that’s all 
there is to it— no resistors, capacitors, or black magic. For a 
strobe, clock, or control signal, a linear receiver such as a 
National Semiconductor 8837 Is used together with a 
180-ohm series resistor and a 3300-ohm shunt resistor to 
Vqc, as shown in Figure 12. This overall scheme is compatible 
with some Digital Equipment Corporation buses, and is good 
for transmission distances of up to 25 feet. 



. . . wui wv&ps i nc cuvil ur 

UNWORKABILITV CAN SOAtETlAAES BE SALVA6ED. . 


Conclusion 

Interface parts seem primitive alongside of LSI micropro- 
cessors and dynamic MOSRAMs, but they are inescapable 
and smart designers today have learned how to use them 
astutely. A powerful aid in doing so is to think of the set of 
interface parts as an array, which fits into a matrix whose 
dimensions are various circuit properties. Even though the 
rate of progress seems slow, the bit-density and functionality 
of interface parts is steadily increasing, and the time is 
approaching for designers to learn to take the next logical 
step and use 16-bit interface parts extensively in their sys- 
tems, in order both to save cost and to improve overall 
system performance. 
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8-Bit Buffers SN54LS240 SN54S240 

SN54LS241 SN54S241 
SN54LS244 SN54S244 


Features/Benefits 

• Three-State outputs drive bus lines 

• Low current PNP inputs reduce loading 

• 8-bit data path matches byte boundaries 

• ideal for microprocessor interface 

• Complementary-enable ’241 combines multiplexer and 
driver functions 


Description 

These 8-bit buffers provide high speed and high current 
interface capabiiity for bus organized digitai systems. The three- 
state drivers will source a termination to ground (up to 1 33 ft) or 
sink a pull-up to Vcc as in the popular 220 ft/330 ft computer 
peripheral termination. The PNP inputs provide Improved fan-in 
with 0.2 mA I|l on the low-power Schottky buffers and 0.4 mA 
i|L on the Schottky buffers. 

The ’240 and ’244 provide inverting and noninverting outputs 
respectively, with assertive low enables. The ’241 also provides 
inverting and noninverting outputs, but with complementary 
(both assertive-low and assertive-high) enables, to allow trans- 
ceive or multiplexer operation. 


Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

ENABLE 

POLARITY 

POWER 

SN54LS240 

J,L,W 

Mil 

Low 

Invert 

LS 

SN54LS241 

J,L,W 

Mil 

High- 

Low 

Non- 

Invert 

SN54LS244 

J,L,W 

Mil 

Low 

SN54S240 

J.L.W 

Mil 

Low 

invert 

S 

SN54S241 

J,L,W 

Mil 

High- 

Low 

Non- 

invert 

SN54L244 

J,L,W 

Mil 

Low 


Logic Symbols 


’240 8-Bit Buffer 



’241 8-Bit Buffer 



’244 8-Bit Buffer 



TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54LS240/41/44 SN54S240/41/44 

















SN54LS240/4 1 /44 SN54S240/4 1 /44 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


. . . . -0.5 V to 7 V 
.... -1.5 V to 7 V 
.. -0.5 V to 5.5 V 
-65°Cto +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

MILITARY 

TYP 

MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.5 

5 

5.5 

V 

Ta 

Operating free-air temperature 

-55 


125 



Electrical Characteristics over operating condKions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MILITARY 

TYP 

MAX 

UNIT 

V|L 

Low-level input voltage 


0.7 

V 

V|H 

High-level input voltage 


2.0 

V 

V|C 

Input clamp voltage 

Vcc “MIN 

l| = -18mA 

-1,5 

V 

AVj 

Hysteresis (Vj^-Vj ) 

Vqq = MIN 

0.2 

0.4 


V 

l|L 

Low-level input current 

Vcc = max 

V| = 0.4 V 

-0.2 

mA 

>IH 

High-level input current 

Vcc = max 

V| = 2.7 V 

20 

mA 


Maximum input current 

Vcc = max 

V, = 7 V 

0.1 

mA 

_j 

O 

> 

Low-level output voltage 

Vcc -min 

V|L =MAX 
V|H =2V 

IqL =12 mA 

0.4 

V 

I 

o 

> 

High-level output voltage 

Vcc = min 

V|L =0.5V 
V|H =2V 

Iqh = -3 tnA 

2.4 

3.4 


V 

Iqh = "■*2 mA 

2.0 

'OZL 

Off-state output current 

Vcc = max 

V|L = MAX 
V|H =2V 

Vq = 0.4 V 

-20 

mA 

'OZH 

Vo = 2.7V 

20 

juA 

Iqs 

Output short-circuit current* 

Vcc = max 

-40 


-225 

mA 



Outputs 


’LS240 


17 

27 



■ 

High 


’LS241, ’LS244 


17 

27 


'cc 

Supply 

Outputs 

Vcc = max 

’LS240 


26 

44 

mA 

Current 

Low 

Outputs 

open 

’LS241, ’LS244 


27 

46 



Outputs 

’LS240 


29 

50 




Disabled 


’LS241, ’LS244 


32 

54 



* Not more than one output should be shorted at a time and duration of the short-qircuit should not exceed one second. 

Switching Characteristics vcc = 5 v. ta = 25°c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load/Waveforms) 

LS240 
MIN TYP 

MAX 

’LS241, ’LS244 
MIN TYP MAX 

UNIT 

tPLH 

Data to output delay 


9 

14 

12 

18 

ns 

tpHL 

Cl = 45 pF Rl = 667 O 

12 

18 

12 

18 

ns 

*PZL 

Output enable delay 

20 

30 

20 

30 

ns 

tpzH 


15 

23 

15 

23 

ns 

tpzL 

Output disable delay 

Cl = 5 pF Rl = 667 H 

15 

25 

15 

25 

ns 

tPHZ 

10 

18 

10 

18 

ns 
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SN54LS240/41/44 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


.... -0.5 V to 7 V 
.... -1.5V to7V 
.. -0.5 V to 5.5 V 
-65°Cto+160°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

MILITARY 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 

4.5 

5 

5.5 

V 

Ta 

Operating free-air temperature 

-55 


125 



Eiectricai Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2.0 

V 

V|C 

Input clamp voltage 

Vcc = min l| = -18mA 

-1.2 

V 

AVt 

Hysteresis (Vt 4 .-Vt_) 

Vcc = min 

0.2 0.4 

V 

l|L 

Low-level 
input current 

Any A 

Vcc = MAX V| = 0.5V 

-0.4 

mA 

Any E 

-2 

l|H 

High-level input current 

Vcc = max V| = 2.7V 

50 

ix^ 

l| 

Maximum input current 

Vcc = max 

V| = 5.5 V 

1 

mA 

VOL 

Low-level output voltage 

Vpp = MIN 
V,i_ =0.8V 
V|H =2V 

IOL = 48mA 

0.55 

V 

VqH 

High-level output voltage 

Vpp = MIN 
V|[^ = 0.8V 
V|H =2V 

Iqh = -3 mA 

2.4 3.4 

V 

IOH=-l2mA 

2.0 

'OZL 

Off-state output current 

Vpp = MAX 
V,L =0.8V 
ViH =2V 

Vo = 0.5 V 

-50 

1 


'OZH 

Vo = 2.4V 

50 

juA 

iQS 

Output short-circuit currentf 

Vcc = max 

-50 -225 

mA 

'cc 

Supply 

Current 

Outputs 

High 

Vcc = max 

Outputs 

open 

’S240 

80 123 

mA 

’S241, ’S244 

95 147 

Outputs 

Low 

’S240 

100 145 

’S241, ’S244 

120 170 

Outputs 

Disabled 

’S240 

100 145 

’S241/S244 

120 170 


t Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


Switching Characteristics vcc == 5 v, ta = 25°c 


SYMBOL 

PARAMETER 

test CONDITIONS 

(See Test Load/Wavaforms) 

’S240 
MIN TYP 

MAX 

’S241/S244 

MIN TYP MAX 

UNIT 

IPLH 

Data to output delay 


4.5 

7 

6 

9 

ns 

tPHL 

Gl = 50 pF R|_ = 90 n 

4.5 

7 

6 

9 

ns 

tPZL 

Output enable delay 

10 

15 

10 

15 

hs 

tPZH 


6.5 

10* 

8 

12 

ns 

^PZL 

Output disable delay 

Ci_ = 5pF Ri_ = 90n 

10 

15 

10 

15 

ns 

*PHZ 

6 

9 

6 

9 

..... 'ns,. 


* For the S210 add 2 ns for the £2 (Pin 19) enable. 


12-20 


MonolltMo 




Memories 
















SN54LS240/41/44 SN54S240/41/44 


Test Load 



* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 

Test Waveforms 


INPUT 


IN-PHASE 

OUTPUT 


OUT OF PHASE 
OUTPUT 
(See Note G) 



Propagation Delay 


Enable and Disable 


Notes: A. C|_ includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

C. For Series 54S, Rq = 1 K, Vy = 1 .5 V. 

For Series 54LS, Rq = 5 K, Vy = 1 .3 V. 

D. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

E. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

F. All input pulses are Supplied by generators having the following 

characteristics:PRR<1MHz.ZouT’S0^®i^^' 

For series 54S, tR < 2.5 ns, tp < 2.5 ns. 

For Series 54LS and PAL devices, tp < 15 ns, tF < 6 ns. 

G. When measuring propagation delay times of three-state outputs, 
switches SI and S2 are closed. 
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8>Bit Buffers with 
Schmitt Trigger 
Inputs 


SN54/74LS310 SN54/74S310 
SN54/74LS340 SN54/74S340 

SN54/74LS341 SII54/74S341 
SN54/74LS344 SN54/74S344 


Features 

• Schmitt-trigger inputs guarantee high noise margin 

• Three-st^te outputs drive bus lines 

• Typical input and output capacitance <10 pf 

• Low-current PNP inputs reduce loading 

• 2(H>inSKINNYDIP® saves space 

• 8-bit data path matches byte boundaries 

• Ideal for microprocessor interface 

• Complementary-enable ’310 and ’341 types combine multi- 
plexer and driver functions 

• Pin-compatible with 8N54/74S210/240/1/4 and 
SN54/74LS210/240/1/4; can be direct replacement in 
systems with noise problems 

Description 

In addition to the standard Schottky and iow-power £ 

8-bit buffers, Monolithic Memories provides full 1^ 
a “true” Schmitt-trigger circuit. The impwe|i ^rfcilTrMnd 
characteristics are designed (1) for the l(&i)l^r Scnottk^ 
buffers, to be consistent with the 

trigger inverter, and to guarantee a f ufMte^|^^s§111fmunity; 
(2) for the Schottky buffers^^^^^e low ^A^&tion delay^nd 
to guarantee a full SOOmyipIsek^unity^^he SchniNMrlgler 
operation makea$h«se4.ife buff|r| ideal for bus*rtcltli^Ma 
noisy environ^^ 

These 8-bit bufftA|)ro)^^ high-spee 
face capability f<k ^^^organiMcL^ig^ 
state drivers will source a termirmtN 


sink a pull-up to Vqq as in the pi 

Logic Symbols 

*310 8-Bit Buffer 
Et[r -°^>— [ p3vcc 

1 A, |T -0^ ^ P^4-|]9] Ej 




urn 

e'^ three- 
to 133ft) or 
'330ft computer 


[s—A— 


2Y4OJ 

1A2I 
2Y3I 

2Y2QJ L ^ 

aVifTT 

GNonol 




XSn"' 


33 2*4 

33IY2 

332*3 

34I1Y3 

^2^2 


’340 8-Bit Buffer 

^20| VCC 

iai[7 ^ 

1A2E 2A4 

2Y3E 


^»3L2J \ ”2 

1A3g-^AA^-p2A3 

-n3iY3 


2 Y 2 E l\'l pi "3 

E i3j2A2 


IA 4 

2Vl[Tj \ 

ONPrii] 


Ordering Information 


PART 

NUMBER 

PKG* 

TEMP 

ENABLE 

POLARITY 

POWER 

SN54LS310 

J.F 

mil 

High- 

Low 


> LS 

SN74LS310 

N,J 

com 

SN54LS340 

J.F 

mil 

Low, 

SN74LS340 

N.J 

com 

SN54LS341 

J.F 

mil 

High- 

: Ndn- 
'^Invert 

SN74LS341 

N.J 

cotiS 

SN54LS344 

J.F. 

nHl''^ 

'Low^''^ 

SN74LS344 


coriv. ^ 

SN54S3JiX, 

V "J^" 

mil 1 

High- 

Lows 

i/'"' ;;T" ' , 

S/lhyer}/ ;! 

S 

SN74Wra"'' 


com 


vM-- 

mil 


. SN>4k340 ^ 


cotti 1 

'^N5^$41' ' “ 

J.p^, 

i'r" >■ 


Non- 

Invert 

^SNW341 

- HA'- 


SN54S344/,' 


\m:z 

Low 

SN14^4\. 


^Jom 


the low-power Schottky buffers and 0.25 mA 
I tl^^chottky buffers. 

&40and ’344 provide inverting and non-inverting outputs 
spectively, with assertive-low enables. The ’310 and ’341 also 
provide inverting and non-inverting outputs respectively, but 
with complementary (both assertive-low and assertive-high) 
enables, to allow transceiver or multiplexer operation. 

All of the 8-bit devices are packaged in the popular 20-pin 
SKINNYDIP®. 


’341 8-Bit Buffer 


’344 8-Bit Buffer 



*For other package types, please contact your local sales representative. 


SKINNYDIP® is a registered trademark of Monolithic Memories. WiMM- " - 

TWX: 910-338-2376 

2175 Mission College isivd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 IWOflf Of^f 

12-22 


ERII 










SN54/74LS31 0/40/41 /44 SN54/74S31 0/40/41 /44 



















SN54/74LS310 SH54/74LS340 SN54/74LS341 SN54/74LS344 


Absolute Maximum Ratings 


Supply voltage Vqq — 7V 

Input voltage 7 V 

Off-state output voltage 5.5 V 

Storage temperature -65° to +1 50® C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 


} V 

Ta 

Operating free-air temperature 

-55 125 


m 



** Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
* "A" indicates data input, “E” indicates enable input. 
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SN54/74LS310 SN54/74LS340 SN54/74LS341 SN54/74LS344 


Switching Characteristics vqc = s v, ta = 25°c 


PARAMETER 


TEST CONDITIONS 

(See Test Load/Waveforms) 


Data to Output delay 


Output Enable delay 


Output Disable delay 


C|_ = 45pF RL=667n 


Ci_ = 5 pF R|_= 667n 


’LS310, ’LS340 
MIN TYP MAX 

’LS341, ’LS344 
MIN TYP MAX 

UNIT 

19 

25 

19 

25 

ns 

19 

25 

19^ 


ns 

32 

40 




23 

35,. 

-/'f "'24* 


W'* 

ns 

18 


y 2 ^ 1 . 

/ 30 

ns 


■ %. — 

2 \ 

\ 18 


ns 



monoUiMcX 


[Memories 


12-25 








SN54/74S310 SN54/74S340 SN54/74S341 SN54/74S344 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage .... — 

Storage temperature 


........ 7.0V 

5.5 V 

........ 5.5V 

-65° to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 


Supply voltage 

4.5 5 5.5 

4.75 5 


Ta 

Operating free-air temperature 

-55 125 

% 

0 75' 

°C 



** Not more than one output should be shorted at a time and duration of the short-circuit shouid not exceed one second. 
* "A” indicates data input, “E” indicates enable input. 
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SN54/74LS31 0/40/41/44 SH54/74S3 10/40/4 1/44 


Function Tables 

’310 ’340 


2Y OUTPUTS El 


H H 
H I L 
H 

L I L 


Z 

Enabled 

(Inverting) 

Enabled 

(Inverting) 


Z 

z 

Enabled 

Enabled 


Enabled 

(Inverting) 

Z 

Enabled 

(Inverting) 


2Y OUTPUTS 


Enabled 

Z 

Enabled 

Z 


’340 

1Y OUTPUTS 

2Y OUTPUTS 

Z 

Z 

Z 

Enabled 

(Inverting) 

Enabled 

(Inverting) 

Z 

Enabled 

(Inverting) 

Enabled 

(InvSfling) 

’344 

: 

\ ' X'"' " 

1Y OUTPUTS 

^ybuTPuts 


x . , 

z\" 

Enabled 

Enabled 


Z 

Enabled 

Z- 

Enabted 


Z ^ High impedance (output off). 


I I I 

‘ti i 

I I \ i 


INPUT VS OUTPUT VOLTAGE TRAlteFEI^ CHARACTERISTI 
OUTPUT ' f’\ 


\\ 

n *• voH 






.. u ‘j \\ i I 

Vy + ' \ \ ' Vy - ' ' Vy + ' 

INVERTING DEVICfe^ NONINVERTING DEVICE 

THRESHOLD VOLTAGE VS OPERATING TEMPERATURE 






DEAD BAND 

TTr-^ 






DEAD BAND 


MILITARY DEVICE 

Dead Band: The hysteresis is guaranteed at any operating temperature and voltage. 


COMMERCIAL DEVICE 
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SN54/74LS3 1 0/40/4 1 /44 SN54/74S3 1 0/40/4 1/44 


Test Load 



For Series 54/74S310/340/341/344 Rq = 5K, Vj= Vt-= 1.1 V 
for high-to-low input transition. 

For Series 54/74LS310/340/341/344 Rq = 5K, Vj = Vt+ = 1 7 V 
for low-to-high input transition. 

For Series 54/74L31 0/340/341/344 Rq = 5K, Vt= 0.9 V 
for high-to-low input transition. 

D. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

E. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

F. All input pulses are supplied by generators having the following 
characteristics; PRR < 1 MHz, Zqjjj = SOft and: 

For Series 54/74S, tpj < 2.5 ns, tp < 2.5 ns. 

For Series 54/74LS and PALs, tp < 15 ns. tp < 6 ns. 

G. When measuring propagation delay times of 3-state outputs, 
switches SI and S2 are closed. (Propagation delays are mea- 
sured from the inputs crossing Vt..V. p_ to the outputs crossing 
Vj) 


Mnnolflftlo EIHII Memorlos 
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8-Bit Buffer Transceiver 

SN54/74LS245 


FOR 

MORE DETAiL 
SEE SECTION 
13 


Features/ Benefits 

• Three-State outputs drive bus lines 

• Low current PNP inputs reduce loading 

• Symmetric - equal driving capability in each direction 

• 20-pin SKINNYDIP® saves space 

• 8-bit data path matches byte boundaries 

• Ideal for microprocessor interface 

• Pin-compatible with SN54/74LS645 - improved speed, 
l|L and \qzl specifications 


Description 

These 8-bit bus transceivers 
two-way communication 
tion implementation 

The device allo^ 
or from th( 
the direct! 
u: 


Ordering information 


PART 

NUMBER 

TYPE 

TEMP 

SN54LS245 

J.L.W 

Mil. 

SN74LS245 
1 




POWER 


W^> 






DIRECTION 

CONTROL 

DIR 

OPERATION 

L 

L 

B data to A bus 

L 

H 

A data to B bus 

H 

X 

Isolated 



’LS245 




A8[7 -I ^ "xH - ^ 

^ I.- 

GND[io ^^<n-lT|B8 


-B1 


-B2 

-B3 


A 

A 

11 


-B6 

-B7 


SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 

2175 Mission Coiiege Blvd. Santa Ciara, CA 95054-1592 Tei: (408) 970-9700 TWX: 910-338-2374 
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8-Bit Buffer Transceiver 

SN54/74LS645 SN74LS64S-1 


FOR 

MORE DETAIL 
SEE SECTION 
13 


Features/ Benefits 

• Three-State outputs drive bus lines 

• Low current PNP inputs reduce loading 

• Symmetric — equal driving capability in each 

• 20-pin SKINNYDIP® saves space 

• 8-bit data path matches byte boundaries 

• Ideal for microprocessor interface 

• SN74LS645-1 rated at Iql = 48 mA 


Description 

These 8-bit bus transceivers are design^ 
tv\/o-way communication between dat| 
tion implementation minimizes e^ 

The device allows data tn 
or from the B bus 
the direction 
used to disabl( 
isolated. 


Ordering Information 


direction 




Fiincti 




'Elfe: 




onoe 


Vx 

-x.^BLE 

‘ \\‘ \ 

DIRECTION 

CONTROL 

DIR 

OPERATION 

\> ^ 

L 

B data to A bus 

L 

H 

A data to B bus 

H 

X ■ i 

Isolated 


lEEESymboi 


’LS645/645-1 


E- 

DIR- 


A1- 

A2- 

A3- 

A4- 

A5~ 

A6- 

A7- 

A8~ 


G3 

3EN1 (BA) 
3EN2 (AB) 


VI 


2V 


18 


□ 


— B1 

^17^ 




^15^ 

—BA 

14^ 

g5 

^13^ 

— B6 

^12^ 

07 

^11^ 

— B8 


SKINNYDIP® is a registered trademark of Monolithic Memories. 

TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54LS273 


8-Bit Registers 
with Master Reset 
or Ciock Enabie 


Features/Benefits 

• 8>bit data path matches byte boundaries 

• Ideal for microprogram instruction registers 

• Ideal for microprogram interface 

• Suitable for pipeline data registers 

• Useful in timing, sequencing, and control circuits 

• Three ’273s may replace four ’174s 


Ordering Information 


PART 

NUMBER 


PKG 

TEMP 

POLAR- 

ITY 

CONTROL 

OPTION 

POWER 

J,L,W 1 

Mil 

Non- 

Invert 

Master 

Reset 

LS 


Logic Symbois 


Description 

These 8-bit registers contain eight D-type flip-flops, they 
feature veiy low Iqq (17 mA typical) on the low-power Schottky 
devices and very-high-speed operation on the Schottky 
devices. The ’273 register is loaded on the rising edge of the 
clock (CK) _and asynchronously cleared whenever the master 
reset line, MR, is low. 


Function Tabie 


INPUTS 

OUTPUT 

MR 

CLOCK 

DATA 

Q 

L 

X 

X 

L 

H 

\ 

H 

H 

H 

t 

L 

L 

H 

L or H or 1 

X 

On 

1 - 1 

u 


8-Bit Register 
with Master Reset 
’273 



TWX; 910-338-2376 i* 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 In&WtO.I^IBS 
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SN54LS273 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature range 


.... -0.5 V to 7 V 
.. -1.5 V to 5.5 V 
.. -0.5 V to 5.5 V 
-65®Cto +150®C 


IEEE Symbols 


MR- 

CK- 


2D- 

3D- 

4D- 

5D- 

6D- 

7D- 

8D- 


3 

’273 


R 

>C1 

1 .r 

2 

ID 

4 

5 


7 

6 


8 


9 


13 

12 


14 


15 


17 


16 




19 


1 



1Q 

2Q 

3Q 

4Q 

5Q 

6Q 

7Q 

8Q 


Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Interface, Test 
Load/Waveforms) 

FIGURE 

MIN 

MILITARY 

TYP 

MAX 

UNIT 

< 

O 

o 

Supply voltage 

. 


4.5 

5 

5.5 

V 

Ta 

Operating free-air temperature 


-55 


125 


tw 

Width of clock 

High-t^vH 

1 

20 

ns 

Low-%l 

^WMR 

Width of Master Reset 

Low-twMRL 

2 

20 

ns 

Vec 


to CK 

2 

251 

ns 



Data input to CK 

3 

201 


^su 

Setup time 


A 

25 t 

ns 




4 

lot 



Data input 

3 

5t 



Hold time 


4 

5t 

ns 



5t 


t i The arrow indicates the transition of the clock/enable input used for reference, t for the !ow-to-high transition, i for the high-to-low transition. 
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SN54LS273 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.7 

V 

V|H 

High-level input voltage 


2.0 

V 

Vie 

Input clamp voltage 

V0q=MIN 

l| = -18 mA 

-1.5 

V 

l|L 

Low-level input current 

Vcc=MAX 

V|= 0.4 V 

-0.4 

mA 

•iH 

High-level Input current 

Vcc=MAX 

V|= 2.7 V 

20 

mA 

'1 

Maximum input current 

Vcc=MAX 

_< 

II 

< 

0.1 

mA 

VqL 

Low-level output voltage 

Vqq=MIN 

Vii =MAX 

V|H =2V 

•OL " ^ 

0.25 0.4 

V 

Vqh 

High-level output voltage 

Vqq=MIN 

Vii =MAX 

V|H =2V 

Iqh =-400)uA 

2.5 3.4 

V 

Iqs 

Output short-circuit current* 

Vcc=MAX 


-20 -100 

mA 

'cc 

Supply current t 

Vcc=MAX 
Outputs open 

’LS273 

17 27 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

f Ice is measured after first a momentary ground, and then 4.5 V is applied to clock, while the following other input conditions are held: 
For the ’LS273— 4.5 V on all data and master-reset inputs. 


Switching Characteristics Vcc=5v,Ta^25’c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load/Waveforms) 

’LS273 

MIN TYP MAX 

UNIT 

^MAX 

Maximum Clock frequency 

Ci_=15pF RL=2Ka 

30 40 

MHz 

¥lh 

Clock to Output delay 

27 

ns 

*PHL 

1 

27 

ns 

*PHL 

Master Reset to output delay ! 

27 

ns 


12-34 


MonolUhlo 


Eli 


Memories 













SN54LS273 


CLOCK PULSE WIDTH AND CLOCK TO OUTPUT DELAYS 



MASTER RESET PULSE WIDTH, MASTER RESET TO OUTPUT DELAY 
AND MASTER RESET TO CLOCK RECOVERY TIME FOR ’S273 





Test Waveforms 


TIMING 

INPUT 


DATA 

INPUT 


7 

^Vt (See Note C) 

Isu- 

_7 



-th 


S 


SETUP AND HOLD 


Test Load 


TEST POINT* © 


CL ^ 

(SEE NOTE A) 


RL 

(SEE NOTE B) 

’ (SEE NOTE C) 


INPUT ^ 

- J 

VtN 

3V 

K 

tpLH- 

IN-PHASE 

OUTPUT 



— 

-tPHL 





^Un 

, Notes: A. 

tPHL~ 


B. 

-*PLH 

OUT OF PHASE „ \ 

OUTPUT 1 

S 7 

VOL 


The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


LOAD CIRCUIT FOR 
BI-STATE 

TOTEM-POLE OUTPUTS 


Cl includes probe and jig capacitance. 

All diodes are 1N916 or 1N3064. 

For Series 54LS, Vt= 1.3 V. 

In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

AH input pulses are supplied by generators having the following 
characteristics: PRR < 1 MHz. ZquT “ O. 


MonoUthSc 


El 


Memories 
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8- Bit Latches, 8-Bit Registers 

SN54LS373 SN54S373 
SN54LS374 SN54S374 


Features/ Benefits 

• Three-state outputs drive bus lines 

• 8-bit data path matches byte boundaries 

• Hysteresis improves noise margin 

• Low current PNP inputs reduce loading 

• ideal for microprocessor interface 


Description 

The latch passes eight bits of data from the inputs (D) to the 
outputs (Q) when the gate (G) is high. The data is “latched” 
when the gate (G) goes low. The register loads eight bits of input 
data and passes it to output on the “rising edge” of the clock. 


Function Tabies 

'373 8-Bit Latch 


01 

ml 

G 

D 

Q 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

X 

Qo 

H 

X 

X 

Z 


Ordering information 


PART 

NUMBER 

PKG 

TEMP 

POLARITY 

TYPE 

POWER 

SN54LS373 

J,L,W 

Mil 

Non- 

invert 

Latch 

LS 

SN54LS374 

Register 

SN54S373 

Latch 

S 

SN54S374 

Register 


The three-state outputs are active when OE is low, and high- 
impedance when OE is high. Schmitt-trigger buffers at the 
gate/clock inputs improve system noise margin by providing 
typically 400 mV of hysteresis. 


’374 8-Bit Register 


OE 

CK 

D 

Q 

L 

t 

H 

H 

L 

t 

L 

L 

L 

Lor H or i 

X 

Qo 

H 

X 

X 

z 


Logic Symbols 

'373 8-Bit Latch 

OE vcc 

]3 8D 

]3|7Q 


ipfaT 

apHT 

2Q 


m 


SQ^S 

3p[T 
4p[T 

AQ.n" -[q 


>03 


- ul 6P 

- 7^50 

L<^— ]7]g 


151 6Q 


’374 8-Bit Register 


iqO! 


ip|T 

2p|T 

2q[T 

3Q^ 

3p[7h 

4p[r 

4q(T 

GNPpO 


Q ^ 

CK^ 


CKi 


CK^ 


CK<] 


t>CK°H 




p 
CK 
lOE , 

Q 


13 vcc 
13 8 Q 


CD’ 


ujeo 




TWX: 910-338-2376 


21 75 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 Memories 
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SN54LS373/74 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


. . . . -0.5 V to 7 V 
.... -1.5 V to 7 V 
. . -0.5 V to 5.5 V 
-65°Cto +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

V 

Ta 

Operating free-air temperature 

-55 125 


‘w 

Width of Clock/Gate 

High 

15 

ns 

Low 

15 

^SU 

Setup time 

’LS373 

5i 

ns 

’LS374 

20t 

th 

Hold time 

’LS373 

20i 

ns 

’LS374 

or 


Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.7 

V 

V|H 

High-level input voltage 


2.0 

V 

V|c 

Input clamp voltage 

Vcc = min 

l| = -18 mA 

-1.5 

V 

l|L 

Low-level Input current 

Vcc = max 

V|= 0.4 V 

-0.4 

mA 

l|H 

High-level Input current 

Vcc = max 

V| = 2.7 V 

20 

mA 

l| 

Maximum input current 

Vcc = max 

Vi = 7 V 

0.1 

mA 

Vql 

Low-level output voltage 

Vqq = MIN 

V||_ =MAX 

V|H =2V 

Iql = "^2 mA 

0.25 0.4 

V 

VqH 

High-level output voltage 

Vqq = MIN 

ViL =MAX 

V|H =2V 

Iqh =-1 mA 

2.4 3.4 

V 

'OZL 

Off-state output current 

Vcc = max 

V|L =MAX 

V|H =2V 

Vo = 0.4V 

-20 

mA 

'OZH 

Vo = 2.7V 

20 

mA 

lOS 

Output short-circuit current* 

Vcc = max 


-30 -130 

mA 

'cc 

Supply current 

Vqq = MAX 
Outputs open 

’LS373 

24 40 

mA 

’LS374 

27 40 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Switching Characteristics vcc = s v, ta = 25 °c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load/Waveforms) 

’LS373 
MIN TYP 

MAX 

MIN 

’LS374 

TYP 

MAX 

UNIT 

fMAX 

Maximum clock frequency 



35 

50 


MHz 

tPLH 

Data to output delay 


12 

18 


ns 

tPHL 


12 

18 


ns 

tPLH 

Clock/Gate to output delay 

Cl=45pF Ri_=667a 

20 

30 


15 

28 

ns 

tPHL 


18 

30 


19 

28 

ns 

tPZL 

Output enable delay 


25 

36 


21 

28 

ns 

tPZH 


15 

28 


20 

28 

ns 

tPLZ 

Output disable delay 

Cl = 5pF RL = 667n 

15 

25 


14 

25 

ns 

wsbsm 

12 

20 


12 

20 

ns 
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SN54LS373/74 SN54S373/74 


’373 Timing Diagrams 


’374 Timing Diagrams 




Test Waveforms 


INPUT ^ 

kvT Vt^ 

3V 



tPLHi 

IN-PHASE 

OUTPUT 




-tPHL 




tPHL- 


-tpLH 

OUT OF PHASE „ X 

OUTPUT ' 

(See Note G) 

s ^ 

^Vt 

_VoL 


Propagation Delay 



= 1.5 V 


Enable and Disable 


Notes: A. Ci_ includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

C. For Series 54S, Rq =1 K, Vj = 1.5 V. 

For Series 54LS, Rq = 5 K. Vj = 1.3 V. 

D. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

E. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

F. All input pulses are supplied by generators having the following 
characteristics: PRR < 1 MHz. ZquT ~ 

For series 54S, tp < 2.5 ns, tp < 2.5 ns. 

For Series 54LS and PAL devices, tp < 15 ns, tp < 6 ns. 

G. When measuring propagation delay times of three-state outputs, 
switches SI and S2 are closed. 

Standard Test Load 


(SEE NOTE B) RL 



* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 
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SN54S373/74 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


. . . . -0.5 V to 7 V 
.... -1.5 V to 7 V 
.. -0.5 V to 5.5 V 
-65°Cto +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

V 

Ta 

Operating free-air temperature 

-55 125 

°c 

tw 

Width of Clock/Gate 

High 

6 

ns 

Low 

7.3 

^SU 

Setup time 

’S373 

Oi 

ns 

’S374 

5! 

‘h 

Hold time 

’S373 

lOi 

ns 

’S374 

2t 


t i The arrow indicates the transition of the ciock input used for reference, t for the iow-to-high transition, i for the high-to-tow transition. 

Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level Input voltage 


2.0 

V 

V|C 

Input clamp voltage 

Vcc = MIN 

l| = -18 mA 

-1.2 

V 

l|L 

Low-level input current 

Vcc = max 

V| = 0.5 V 

-0.25 

mA 

l|H 

High-level input current 

Vcc = max 

V| = 2.7 V 

50 

mA 

l| 

Maximum input current 

Vcc = max 

V) = 5.5 V 

1 

mA 

VoL 

Low-level output voltage 

Vqc = MIN 

V|L =0.8V 

V|H =2V 

Iql 20 mA 

0.5 

V 

< 

0 

1 

High-level output voltage 

Vqq = MIN 

V|L =0.8V 

V|H =2V 

lOH =-2 mA 

2.4 3.4 

V 

'OZL 

Off-state output current 

Vcc = max 

V|L =0.8V 

V|H =2V 

Vo = 0.5V 

-50 

mA 

'OZH 

Vo = 2.4V 

50 

aA 

lOS 

Output short-circuit current* 

Vcc = max 

-40 -100 

mA 

'cc 

Supply current 

Vcc = max 

Outputs open 

’S373 

105 160 

mA 

’S374 

90 140 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


Switching Characteristics vcc = s v, ta = 25 °c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load/Waveforms) 

’S373 
MIN TYP 

MAX 

’S374 
MIN TYP 

MAX 

UNIT 

fMAX 

Maximum clock frequency 



75 100 

MHz 

tPLH 

Data to output delay 


7 

12 


ns 

tPHL 


7 

12 


ns 

tPLH 

Clock/Gate to output delay 

Cl=15pF Ri_=280n 

7 

14 

8 

15 

ns 

tPHL 


12 

18 

11 

17 

ns 

tPZL 

Output enable delay 


11 

18 

11 

18 

ns 

tPZH 


8 

15 

8 

15 

ns 

»PLZ 

Output disable delay 

Cl = 5pF R|_=280n 

8 

12 

7 

12 

ns 


6 

9 

5 

9 

ns 
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8-Bit Register With Ciock Enabie and 
Open-Col iector Outputs 

SN54/74S383 


Features 

• 20-Pin SKINNYOIP® Saves Space 

• data path matches byte boundaries 

• Only available TTL open-collector-output register 

• Ideal for certain microprocessor system buses 

• Suitable for pipeline data registers 

• Excellent for multiple, physically-separated connections to 
buses in microprocesSor-based systems 

• Wired-OR or wired-AND logic with outputs 

Description 

This 8-bit register contains 8 D-type flip-flops and features very 
fast switching. The 'S383 register is loaded on t he risin g edge 
of the clock provided that the clock enable line, CK EN, is low. 
Like other 8-bit interface devices, the ’S383 is packaged i 
popular 20-pin SKINNYDIP. 


Logic Symbol 


8-Bjt Registe^th < 
andj^psiirdckect 


Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

POLAR- 

ITY 

CONTROL 

OPTIONS 

POWER 

SN54S383 

J,L,W 

Mil 

Non- 

invert 

, Enable J 



SN74S383 

N,J 

Com 


Function Table . ’S383 




"OUTPUT 

CK 1 ; ^ XXOCK ; DATA ‘ 

a 

.;x' X ! 

\V ,;■ ) t,-, ; ; l 

— ■ ' ■ 

Qq 

H 

L 

Qq 



ymbol 


’S383 


CKEN- 

CK- 




G2 

2C1 


2D- 
3D- 
4D- 
5D - 
6D- 
7D- 
8D- 


‘Indicates Open-Collector Output 


3 

ID I> ^ 

2 

4 

5 


7 


6 


8 


9 


13 


12 


14 

15 1 


17 


16 


18 




1 


-2Q 

-3Q 

-4Q 

-50 

-60 

-70 

-80 


SKINNYDIP® is a registered trademark of Monolithic Memories. 
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SN54/74S383 


Absolute Maximuni Ratings 


Supply voltage Vqq .......... 7.0 V 

Input voltage .... . . . 5.5 V 

Off-state output voltage 5.5 V 

Storage temperature -65° to +1 50° C 


Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Interface, Test 
Load/Waveforms) 

FIGURE 

MILITARY 
MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 



4.5 

5 5.5 

4.75 

5 ms" 

V 

Ta 

Operating free-air temperature 


-55 

125 

0 ^ 

" ; 7'5 ' 

V 

% 

Width of clock 

High-t^H 

1 

7 

7' 

ns 

Low-t^L 



Data input to CK 


5 1 

5t 


tsu 

Setup time 

LowCKENtoCK 

2 

9t 

9t 

ns 



High CK EN to CK 


91 

9t 




Data input ? 



3t 



Hold time 1 

LowCKENtoCK,-;., 

2; ' 

3t 

3t 

ns 



High CK EN 


Of 

Ot 



tl The arrow indicates the transition of the clock/enable input usi 


^ _ 

Eiectricai Characteristics ov^q^waiii^ conditions 


SYMBOL 

PARAMETtfR^ 

- \ ...... 1 i_ 



^ TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L 

Lo w-levej 'inpfti!' ' 'y ' 


0.8 

0.8 

V 

^IH 

High-leveNf^ut v^l^ge 


2 

2 

V 

V|C 

Input clampVdit^ge 

< 

E 

00 

T 

t 

iiJ 

-1.2 

-1.2 

V 

l|L 

Low-level inp^ current \ 

\/| = 0.5V 

-250 

-250 

iuA 

l|H 

High-level input current \\ 

’%Q = MAX V| = 2.7V 

50 

50 

/^A 

l| 

Maximum input current \ 

> Vqq = MAX V| = 5.5V 

1 

1 

mA 

Vql 

Low-level output voltage 

Vqq = MIN 

V|L ^ MAX 

V|H = 2V 

Iql ^ 24mA 

0.5 

0.5 

V 

Iqh 

High-level output current 

Vqq = MIN 

ViL = MAX 

V|H = 2V 

Vqh = 5.5 V 

250 

250 

1 

mA 

'cc 

Supply current 

Vqc = MAX 
Outputs open 

Outputs HIGH 

160 

160 

mA 

Outputs LOW 

160 

160 


Switching Characteristics vcc = s v, ta = 25° c 



PARAMETER 

TEST CONDITIONS 

(See Test Load/Waveforms) 

'S383 

MIN TYP MAX 

UNIT 



Cl=15pF R|_ = 280n 

75 110 



Clock to output delay 

10 17 


MUM 

M4 22 

ns 
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SN54/74S383 


Test Waveforms 


CLOCK PULSE WIDTH AND 
CLOCK TO OUTPUT DELAYS 


DATA AND CLOCK ENABLE 
SETUP AND HOLD TIMES 
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SN54/74S383 


Open Collector Bus Application Information For 
Determination of Rl For Wired-And Applications 


1. CALCULATE RlCMIii): 

Vcc " Vqi (Max) 

RL(Min)= 


Iol-(totali,l) 

where Iql " 24 mA at 
VoL(Max) = 0.5 V 


2. CALCULATE R^CMax): 

^CC " VoH(Min) 


RL(Max) = 


(TOTAL Iqh + total I|h) 
where Iq^ = 250 at 


VoH(Min) = 2.5V\ \ \ • ' - 



3. SELECT a value for Rl in the range of RL(Min) to RL(Max), 
based on power consumption and speed requirements: 


OTHER 
OPEN-COLLECTOR 
OUTPUTS 
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Rl vs. Tp FOR SN54/74S383 
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SN54/74LS533 SN54/74LS534 


Absolute Maximum Ratings 

Supply voltage Vqq 7V 

Input voltage 7V 

Off-state output voltage 5.5 V 

Storage temperature -65° to +150°C 

Operating Conditions 



PARAMETER 


MILITARY COMMERCIAL 
MIN TYP MAX MIN TYP MAX 


5.25 



Operating free-air temperature | 

-55 125 

0 

75 



High 

15 

15 



VViUlii Ul wlUUlV OCllC? 

Low 

15 

15 




LS533 

3l 


\ ^ 

s\ \ ■ 

" ns 

Setup time 

LS534 

201 


\\\ 



LS533 

lOi ( < ' ^ 

yoi. ^ 



Hold time 

LS534 

01 V 

oi' ' 




1 1 The arrow indicates the transition of the clock/enable input used for reference, t for the low-|p4ri§h feirwtfion, i for theftigh-to-loxi trar^jtijpjus « 

Eiectricai Characteristics over operating conditions ^ \ ( O \ - 


TEST CONDITIONS 


▼ IWI VI I 11^1 I vw 


MILITARY . 
MIN TYP//MAX 


ii^ss^^iSiipn 



vcc = max 


Ipp I Supply current = MAX 

I Outputs open 


♦ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Switching Characteristics vcc = s v, ta ^ 25° c 


PARAMETER 


TEST CONDITIONS 

(See Test Load/Waveforms) 


MIN TYP MAX MIN TYP MAX 


I ^MAX Maximum Clock frequency 

— — Data to Output delay 
^PHL 

I tPLH 


¥hl 


Data to Output delay 
Clock/Gate to output delay 
Output Enable delay 
Output Disable delay 



Cl= 45pF Rl= 667n 


Cl= 5pF R, = 6670 
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SN54/74S533 SN54/74S534 


Absolute Maximum Ratings 


Supply voltage Vqq 7 V 

Input voltage 5.5 V 

Off-state output voltage — .... 5.5 V 

Storage temperature -65° to +1 50° C 


Operating Conditions 


SYMBOL 

PARAMETER 

MiLITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 

°c 

‘w 

Width of Clock/Gate 

High 

6 

6 

ns 

Low 

7.3 

7.3 / 

^su 

Setup time 

S533 

Oi 

01 / , ' ^ 

ns 

S534 

5T 

at ' 


Hold time 

S533 

101 

l6l 

ns 

S534 

5t 

;■ 5t 


t i The arrow irrdicates the transition of the clock/enable input used for reference, t for the low-to-high traf^iHon, I for the high-to-low tran^tipn, 

Electrical Characteristics Over Operating Conditions , 


SYMBOL 

PARAMETER 

TEST CONDIT^S 

MILITARY 

MIN TYP MAX 

commercial 

MIM. TYP MAX 

UNIT 

VlL 

Low-level input voltage 



0.8 

0.8 

IDi 

V|H 

High-level input voltage 


2 ' . ^ 

2 



Input clamp voltage 


yUBBLU 

' ' -1.2 

-1.2 



Low-level input current 

.V'qJ MA^.I 

tigfi^pmswMi 

-0.25 

-0.25 


l|H 

High-level input current 



50 

50 


l| 

Maximum input current \ ^ 




1 


mi 

Low-level outpu|' ^Itagfe ^ 

V / 

\vccy= min, 


0.5 

0.5 

■ 

mmi 

\\ 

High-le'^KDUtj^uf voltage 


•oh = "2mA 

2.4 

3.4 



■ 


IB9EBSB& 

. 

2.4 

3.1 


■ 


\ \ 

Off-state output current > 

: '^fc'c = max, 

V|L = 0.8V, 

V|H = 2V 

mumsiii 

-50 

-50 

mm 



50 

50 



Output short-circuit current * 

Vcc = MAX 

-40 


-100 

-40 


-100 



Supply current 

1 

Vcc " max. 

S533 


105 

160 


105 

160 


Outputs open 

S534 


90 

140 


90 

IM 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


Switching Characteristics vcc ^ s v, ta ^ 2s°c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

S533 



S534 


UNIT 

(See Test Load/Waveforms) 

MIN TYP 

MAX 

MIN 

TYP 

MAX 

^MAX 

Maximum Clock frequency 


— 

1 

75 

100 


MHz 

^PLH 

Data to Output delay 



9 

18 


B9I 

^PHL 

Cl= 15pF 

Rl= 280n 

5 

16 


IQIIII 

^PLH 

Clock/Gate to output delay 

12 

22 


11 

20 


^PHL 



7 

20 


8 

18 


^PZL 

Output Enable delay 



11 

20 


11 

20 

HiSi 

■sn 



8 

17 


8 

17 

BBI 

^PLZ 

Output Disable delay 

Cl= 5pF 

Rl= 280n 

8 

16 


7 

16 

— 

tpHZ 

6 

13 


5 

13 

ns 1 
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SN54/74S533 SN54/74S534 


Test Waveforms 



NOTES: A. Ci_ includes probe and jig capacitance. 

B. All diodes are 1N916 on N3064. 

C. For Series 54/74S, Rq = 1K, Vj = 1.5 V. 

For Series 54/74LS. Rq = 5K, Vj = 1 .3 V. 

D. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

E. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

F. All input pulses are supplied by generators having the following 
characteristics: PRR < 1 MHz, Zqut ~ SOftand: 

For Series 54/74S, tp < 2.5 ns, tp < 2.5 ns. 

For Series 54/74LS and PALs, tp < 15 ns. tp < 6 ns. 

G. When measuring propagation delay times of 3-state outputs, 
switches SI and S2 are closed. 
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8-Bit Latch, 8-Bit Register 
with 32 mA Outputs 

SN74S531 SN74S532 


Features/ Benefits 

• High drive capabiiity (iQ|_ = 32 mA) 

• Three-state outputs drive bus iines 

• 20-pin SKiNNYDiP® saves space 

• 8-bit data path matches byte boundaries 

• Hysteresis improves noise margin 

• Low current PNP inputs reduce ioading 

• Ideai for microprocessor interface 

• Pin-compatibie with SN74S373/4 — can be a direct 
repiacement when high drive capabiiity is required 


Ordering information 


PART 

NUMBER 

PKG 

TEMP 

POLARITY 

TYPE 

POWER 

SN74S531 

N,J 

com 

Non- < 

' jiwert 

Latch 

S 

SN74S532 

N,J 

com 

Register 


Description 

In addition to the standard S and LS latches and registers, I 
Monolithic Memories provides increased output sink currentf\ ^ 

(Iql) the standard Schottky Iql 20 mAtoan irTipFov§d.32^ 

mA. \ \ 'typicallj^<«|400 rtiV^\of hysteresis. 

The higher Iql is intended for upgrading ” ' Aih'ot th^*^bit 'devices are packaged in the popular 20-pin 

367A/368A hex buffers. 'v \ \ 


The latch passes, eight bits'of data from the inptits 0) to the 
outputs (Q) when the gate (G) is high. The data Js “latched” 
when the gate0) goes low. TheTeg^isterioads eight bits of input 
data and passes it to the orftpulon tho^rfeihg^edge of the clock. 

TJhe4hree-state outpiits we active when OE is low, and high- 
'Impedatice when^ Sh Is high. Sch mitt-trigger buffers at the 
. gate/clock ir^iTfs improve system noise margin by providing 


Function Tables 


<VV' 




’S532 8-Bit Register 


OE f 



. Q 


OE 

CK 

D 

Q 


k'' 

H ; ' ' 

^ H 


L 

t 

H 

H 

; . 

' .. ' H 


. 1 . 


L 

t 

L 

L 


" ' L . 

. 'X ^ 

' Qo 


L 

L or H or 1 

X 

Qo 

; H • ' 

^x> \ 

lx ' , 

z 


H 

X 

X 

z 


(lo^p 'S ymbols \ 

;; c' ’S53lVs lt Latch 

I z^vcc 

|iq|T -Q Q - IsIsQ 

I G f— G 

m OE OE 

-D D-^8D 

“E -pTl [7^ 

2Q[r - - ]^7Q 

SoITj-lG J-TnSQ 

»E-k!!l — 

“E -pTl [7^ jUs” 

-Q \ I q| - TzJsq 

gnd[io — ^ — THg 



$532 8-Bit Register 


E 

E 

E 

E 

E 

3D IT 

4d|T 


Hd 


Hq 


4Q^ “{Q 

GNpflO 


Hd 


qH 


OE 


oH 


qH 




^Vcc 

- Tslsi 

- nj/l 

- 

■jD® 

- I^ei 


|8Q 
|8D 

Itd 

70 

jsQ 

6D 
-IT^SD 

-fi^SQ 
IcK 


SKINNYDIP® is a registered trademark of Monolithic Memories. 
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SN74S531 SN74S532 


Absolute Maximum Ratings 

Supply voltage Vqq 7V 

Input voltage 5.5 V 

Off-state output voltage 5.5 V 

Storage temperature -65® to +1 50® C 

Operating Conditions 



t i The arrow indicates the transition of the clock/enable input used for reference, t fodlfe|low-to-high tfs^^ilBition, i 

Eiectricai Characteristics over operating condiH^ V% < " /S , / - ' ' 




PARAMETER 


X \ ^ POMWERCIAL 
<<MI^\\ TYP MAX 



I V||_ Low-level input voltage 
V|H I High-level input voltage 
C 



han one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


^hing Characteristics vcc ^ s v, ta = 2s°c 


PARAMETER 


TEST CONDITIONS 

(See Test U>ad/Waveforms) 


MIN TYP MAX MIN TYP MAX 


Maximum Clock frequency 


Data to Output delay 


Clock/Gate to output delay 


Output Enable delay 


Output Disable delay 


Cl= 15pF Rl= 280n 


Cl= 5pF Rl = 280n 
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SN74S531 SN74S532 


’S531 Timing Diagrams 


’S532 Timing Diagrams 



NOTES; A. includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

C. For Series 54/74S, Rq = 1 K. Vj = 1 .5 V, 

D. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

E. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

F. All input pulses are supplied by generators having the following 
characteristics: PRR < 1 MHz, ZquT ~ SOHand: 

For Series 54/74S, tp < 2.5 ns, tp < 2.5 ns. 

For Series 54/74LS and PALs, tp < 15 ns. tp < 6 ns. 

G. When measuring propagation delay times of 3-state outputs, 
switches SI and S2 are closed. 
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8-Bit Latch, 8-Bit Register 
with inverting, 32 mA Outputs 

SN74S535 SN74S536 


Features/ Benefits 

• Inverting outputs 

• High-drive capability (Iql ” 

• Three-state outputs drive bus lines 

• 20-pin SKiNNYDIP® saves space 

• 8-bit data path matches byte boundaries 

• Hysteresis improves noise margin 

• Low current PNP inputs reduce loading 

• Ideal for microprocessor interface 

• Pin-compatible with SN74S533/4 — can be a direct 
replacement when high-drive capability is required 

Description 

In addition to the standard S and LS latcb^ ahd i^gisters, 
Monolithic Memories provides increas^ c4j^)ut sihk' current 
(•ol) fi'om the standard Schottkyi0^o^6'^"tQ,an improved , 
32 mA; also, inverting outputs inste|d^f ^s^rld^honinvert-' 
ing outputs. \ % \ \ 

The higher Iql is int^/STf6r\pgradipg system^^icH pres- ' 

Functio^rah,lf-'- 

' b-Bit Latch i 


Ordering Information 




Q 

L 

H YxH- •• -• 

L 

L 


H 

L 

L \ 

Qo 

H 

X X 

z 


Logic Symbols 

’S535 8-Bit Latch (Inverting) 



PART 

NUMBER 

PKG 

TEMP 

POLARITY 


POWER 

SN74S535 

N,J 

Com 

' Invert . 

\ Catch.^^'^ 

S 

SN74S536 

N,J 

Com j 

Register 


ently satisfy 32-mA requirements with the SN54/74365/366/ 
367/368 heX:^uffers.^^The inveMing outputs are intended for bus 
applications that require inversion as tn interfacing the Am2901 A 
4-bit'stice to an assertive low. . 

The latch passes eight bi^ ot from the inputs (D) to the 
outputs (Q) when the'gate (Q> is high. The data is “latched” 
when the gate (G) gqes low. The i%,^ster loads eight bits of input 
data and passesit to the 6utpdt"on the rising edge of the clock. 

The three^sfafe outputs are active when OE is low, and high- 
impedance when OE is high. Sch mitt-trigger buffers at the 
' late/cW inputs improve system noise margin by providing 
typi^Dy^ 450 mV of hysteresis. 

All? of the 8-bit devices are packaged in the popular 20-pin 
.SKINNYDIP®. 


’S536 8-Bit Register (Inverting) 


OE 

CK 

D 

Q 

L 

1 

H 

L 

L 

t 

L 

H 

L 

L or H or i 

X 

Qo 

H 

X 

X 

z 


’S536 8-Bit Register (inverting) 

vcc 
TalsQ 


IQ 

1D| 

2d| 

2Q 


oil 
o[7 
d [T 
q|T 

3q[T 

3d[T 

4DfT 

4Q^ 

GNpfTo 


Hq 


- Tslsp 

-^7P 

- 

- T^SP 
23 5D 

nJcK 
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SN74S535 SN74S536 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


7V 

5.5 V 

5.5 V 

-65° to +150°C 


Operating Conditions 


SYMBOL 


PARAMETER 


COMMERCIAL 

TYP 



Supply voltage 


Operating free air temperature 


Width of Clock/Enable 
Setup time 
Hold time 



Eiectricai Maximum Ratings over operating co^io^ 


PARAMETER 





Low-level input voltage 


High-level input voltage 
Input clamp voltage 
Low-level input current 



^^ort-circuit current * 

Vcc 

V 

ly current 

Vcc = MAX 
Outputs open 


output should be shorted at a time and duration of the short-circuit should not exceed one second. 

ing Charctaristics =5v,Ta = 25°c 


Maximum Clock frequency 
Data to Output delay 


Clock/Enable to output delay 
Output Enable delay 
Output Disable delay 


Cl = 15pF Rl = 280n 



Cl = 5pF Rl = 28on 
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8-Bit Diagnostic Register 
SN54/74S818 


FOR 

MORE DETAIL 
SEE SECTION 
13 


Features/Benefits 


Ordering Information 


• High-drive capabiiity: Iq|_ = 32 mA (Com), 24 mA (Mii) 

• Assists on-iine and off-iine system diagnostic testing 

• Swaps the content of shadow register and output register 

• Shadow register for diagnostic testing 

• Edge-triggered “D” registers 

• Cascadabie for wide controi words for use in 
microprogramming 

• Features RAM write-back for writabie controi store 
initiaiization 

• PNP inputs for low-input current 

• 24-pin SKINNYDIP® saves space 

Appiications 

• Register for microprogram control store 

• Status register 

• Data register 

• Instruction register 

• Address register 

• interrupt mask register 

• Pipeline register 

• General purpose register 

• Parallei-seriai/Serial-parallel converter 

Description 

The SN54/74S818 is an 8-bit register with diagnostic features. 
There is a shadow register in each diagnostic register. Diagnos- 
tic data is shifted in serially into the shadow register (S7-S0), 
while the output register is loaded with either the content of the 
shadow register or the Input data (D7-D0). Moreover, D7-D0can 
also be used as the outputs from the shadow register to the data 
bus, while the outputs (B7-B0) can also be converted to Inputs 
when disabled. 

Function Table 


PART NUMBER 

PACKAGE 

TEMPERATURE 

SN54S818 

JS,F,L 

Mil 

SN74S818 

NS,JS 

Com 


NOTE: L package here is L28. The other packages are 24-pin. 


Block Diagram 



B7-B0 


INPUTS 

OUTPUTS 

OPERATION 

SEE 

FIG. 

MODE 

SDi 

CLK 

DCLK 

B7-B0 

S7-S0 

SDO 

L 

X 

! 

* 

Bn Dn 

HOLD 

S7 

Load output register from input bus 

1 

L 

X 

★ 

! 

HOLD 

Sn— Sn-1 
SO — SDI 

S7 

Shift shadow register data 

2 

L 

X 

t 

t 

Bn^ Dn 

Sn * Sn— 1 
SO — SOI 

S7 

Load output register from input bus 
while shifting shadow register data 

1 &2 

H 

X 

t 

* 

Bn Sn 

HOLD 

SDI 

Load output register from shadow register 

2,3,4 

H 

L 

★ 

t 

HOLD 

Sn — Bn 

SDI 

Load shadow register from output bus 

3 

H 

L 

! 

! 

Bn — Sn 

Sn — Bn 

SDI 

Swap shadow register and output register 


H 

H 

* 

! 

HOLD 

HOLD 

SDI 

Enable D7-D0 as outputs for RAM write-back 

4 


* Clock must be steady or falling. 


SKINNYDIP® is a registered trademark of Monolithic Memories 


TWX: 910-338-2376 

21 75 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TWX; 910-338-2374 
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Interface Test Load/Waveforms 


Test Load 




* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 

LOAD CIRCUIT FOR 
BI-STATE 

TOTEM-POLE OUTPUTS 


Test Waveforms 


TIMING 

INPUT 


DATA 

INPUT 


7 

^Vt (See Note C) 

tsu- 

7 


5 

-th 






-OV 

-3V 



SETUP AND HOLD 


PULSE WIDTH 


INPUT ^ 


s 

tpLH- 

IN-PHASE 

OUTPUT 



— 

-tpHL 

7 ^ 




fPHL- 


-tpLH 

OUT OF PHASE „ \ 

OUTPUT ' 

k 7 

^Vt 


(See Note G) 


3V 

OV 

VOH 

VoL 

VOH 

VOL 



PROPAGATION DELAY 


ENABLE AND DISABLE 


Notes: A. Ci_ includes probe and jig capacitance. 

B. Alldiodesare1N916or1N3064. 

C. For Series 54, Rq = 1 K, Vj = 1 .5V. 

For Series 54LS. Rq = 5K. Vj = 1.3V. 

D. Waveform 1 is for an output with internal conditions such that the output is low except 
when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except 
when disabled by the output control. 

E. In the examples above, the phase relationships between inputs and outputs have been 
chosen arbitrarily. 

F. All input pulses are supplied by generators having the following characteristics: 

PRR < 1 MHz. ZquT = 50 n and: 

For Series 54, tp < 2.5 ns, tp < 2.5 ns. 

For Series 54S and PALs, tR < 15 ns, tp < 6 ns. 

G. When measuring propagation delay times of 3-state outputs, switches SI and S2 are closed. 


MonoHiMc VmUl Memories 


12-59 






Notes 



12-60 


Monolithic ilUIlII M em ories 






















Monolithic lAJIUI Memories 




Table of Contents 


DOUBLE-DENSITY-PLUS^" INTERFACE 


Table of Contents Section 13 

. 13-2 

SN54/74LS652 

8-Bit Bus Front-Loading-Latch 


Double-Density PLUS Selection Guide 

. 13-4 


Transceivers 

13-46 

Small But Mighty; New Components Give You 

More Logic in Less Chips 

. 13-5 

SN54/74LS653 

8-Bit Bus Front-Loading-Latch 
Transceivers 

13-46 

SN54LS245 8-Bit Buffer Transceiver 

. 13-8 

SN54/74LS654 

8-Bit Bus Front-Loading-Latch 


SN54LS645 8-Bit Buffer Transceiver 

13-11 


Transceivers 

13-46 

SN54/74LS546 8-Bit Bus Register Transceivers and 
Latch Transceivers 

13-14 

SN54/74LS548 

8-Bit Two-Stage Pipelined 
Register/Latch 

13-60 

SN54/74LS547 8-Bit Bus Register Transceivers and 
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13-14 

SN54/74LS549 

8-Bit Two-Stage Pipelined 
Register/Latch 

13-60 

SN54/74LS566 8-Bit Bus Register Transceivers and 


SN54/74LS793 

8-Bit Latch/Register with Readback . 

13-72 

Latch Transceivers 

13-14 

SN54/74LS794 

8-Bit Latch/Register with Readback . 

13-72 

SN54/74LS567 8-Bit Bus Register Transceivers and 


SN54/74S818 

8-Bit SERDE Pipeline Register 

13-76 

Latch Transceivers 

13-14 

74ACT547 

8-Bit Bus Latch Transceivers — 


SN54/74LS646 8-Bit Bus Front-Loading-Latch 

Transceivers 

13-34 

74ACT567 

Advanced CMOS-TTL 

Compatible 

13-89 

SN54/74LS647 8-Bit Bus Front-Loading-Latch 

Transceivers 

13-34 

74ACT646 

74ACT648 

8-Bit Bus Front-Loading Latch 
Transceivers— Advanced 


SN54/74LS648 8-Bit Bus Front-Loading-Latch 

Transceivers 

13-34 

74ACT651 

CMOS-TTL Compatible 

8-Bit Bus Front-Loading Latch 

13-100 

SN54/74LS649 8-Bit Bus Front-Loading-Latch 

Transceivers 

13-34 

74ACT652 

Transceivers — Advanced 
CMOS-TTL Compatible 

13-111 

SN54/74LS651 8-Bit Bus Front-Loading-Latch 

Transceivers 

13-46 

74ACT793 

74ACT794 

8-Bit Latches/Registers with 
Readback— Advanced CMOS-TTL 



Compatible 13-122 
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Double-Density PLUS Selection Guide 


PART NUMBER 

PART DESCRIPTION 

POWER 

POLARITY 

OUTPUT 

'OL 

COMMERCIAL 

ARCHITECTURE 

FUNCTION 

FEATURE 

74LS546 

Transceiver 

Register 

Independent 

enable 

controls 

LS 

Noninvert 

Three-state 

32 mA 

74LS566 

Transceiver 

Register 

LS 

Invert 

Three-state 

32 mA 

74LS547 

Transceiver 

Latch 

LS 

Non invert 

Three-state 

32 mA 

74LS567 

Transceiver 

Latch 

LS 

Invert 

Three-state 

32 mA 

74LS646 

Transceiver 

Front load latch 

Direction 

control 

LS 

Non Invert 

Three-state 

24 mA 

74LS647 

— 

Transceiver 

Front load latch 

LS 

Non invert 

Open-collector 

24mA 

74LS648 

Transceiver 

Front load latch 

LS 

Invert 

Three-state 

24 mA 

74LS649 

Transceiver 

Front load Latch 

LS 

Invert 

Open-collector 

24 mA 

74LS651 

Transceiver 

Front load latch 

Independent 

enable 

controls 

LS 

Invert 

Three-state 

24 mA 

74LS652 

Transceiver 

Front load latch 

LS 

Noninvert 

Three-state 

24 mA 

74LS653 

Transceiver 

Front load latch 

LS 

Invert 

A: Open-collector 
B: Three-state 

24 mA 

74LS654 

Transceiver 

Fr/load latch 

LS 

Non invert 

24 mA 

74ACT547 

Transceiver 

Latch 

Independent 
enable controls 

CMOS 

Non invert 

Three-state 

12 mA 

74ACT567 

Transceiver 

Latch 

CMOS 

Invert 

Three-state 

12 mA 

74ACT646 

Transceiver 

Front load latch 

Direction 

control 

CMOS 

Non invert 

Three-state 

12 mA 

74AGT648 

Transceiver 

Front load latch 

CMOS 

Invert 

Three-state 

12 mA 

74ACT651 

Transceiver 

Front load latch 

Independent 
enable controls 

CMOS 

Invert 

Three-state 

12 mA 

74ACT652 

Transceiver 

Front load latch 

CMOS 

Non invert 

Three-state 

12 mA 

74ACT793 

Readback 

Latch 

Readback 
enable control 

CMOS 

Non invert 

Three-State 

12 mA 

74ACT794 

Readback 

Register 

CMOS 

Non Invert 

Three-state 

12 mA 

74LS793 

Readback 

Latch 

Readback 
enable control 

LS 

Non invert 

Three-state 

24 mA 

74LS794 

Readback 

Register 

LS 

Noninvert 

Three-state 

24 mA 

74LS548 

Two-stage pipeline 

Register 

Input, Output 
individual 
select controls 

LS 

Noninvert 

Three-state 

32 mA 

74LS549 

Two-stage pipeline 

Latch 

LS 

Non Invert 

■ 

Three-state 

32 mA 

74S818 

Pipeline 

Register 

Mode controls 

S 

Noninvert 

Three-state 

32 mA 
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Small But Mighty; New Components 
Give You More Logic in Less Chips* 

Chuck Hastings and Suneel Rajpal 


Interface circuits are generally thought of as unglamorous 
bread-and-butter items. They have the humble role of being 
the “glue” which holds digital systems together. Contempo- 
rary custom-LSI wizards often claim to be on the point of 
getting rid of all these bothersome little low-complexity 
circuits, and yet more interface circuits are sold with each 
passing year. According to recent estimates, during 1983 
the personal computer industry alone consumed one-fourth 
as many interface circuits as all users consumed during 
1982. Figure 1 graphically portrays a realistic scenario for 
interface for the next few years— everything else will shrink, 
so interface will grab an increasing share of board area 
in the future! 



What this means to you is that, if interface does its part and does 
some shrinking too, you’ll get some major shrinkage in your 
overall system. Interface Is low-complexity stuff to start with, and 
over the years it has stubbornly resisted being shrunk. Nonethe- 
less, today Monolithic Memories offers a broad line of interface 
parts which arose from commonly-encountered circumstances, 
and which — where they fit your design — shrink parts count by 
a factor of 2:1 . Unsurprisingly, they are called “Double-Density 
PLUS Interface.” Actually, under optimal conditions certain of 
these parts can shrink your parts count by as much as 4:1 . 


Double-Density PLUS™ Interface can do wonders to 
compress the physical size of your logic. Consider, for 
example, a simple sychronous cross-connection between 
two 8-bit microprocessor buses, capable of transferring 
information in either direction one byte at time. This cross- 
connection can be implemented using two ’LS374 8-bit 


noninverting registers, connected “back-to-back” — that is, 
each ’LS374 has all of its eight outputs tied respectively to the 
eight inputs of the other one. Together, these two parts total 40 
pins and 2 (0.6*1. 1) = 2 (0.66) = 1.32 square inches, allowing for 
100 mils end clearance and 300 mils side clearance as is com- 
mon practice in board layout. 



You may notice that, when these two parts are considered 
as a functional block, far fewer than 40 pins go to the outside 
world: there are only the 16 data pins corresponding to the 
two 8-bit buses, two clock pins, two output-enable pins, and 
power and ground. Now, since Monolithic Memories also 
noticed back-to-back ’LS374s as an attractive low-pin-count 
combination a couple of years ago, today you have the 
option of replacing both of these ’LS374’s with a single 
24-pin, 300-mil “SKINNYDIP®” ’LS546, which takes up 
only (0.6*1. 3) = 0.78 square inches of your board — slightly 
more than half as much board area as the two ’LS374s. 
To summarize: 


DESIGN 

BOARD AREA 

WIRE ENDS 

SOLUTION 

Sq. In. 

Normalized 

Pin Count 

Normalized 

Two ’LS374S 

1.32 

1.00 

40 

1.00 

One’LS546 

0.78 

0.59 

24 

0.60 


Table 1. Board Area and Wire Savings Using ’LS546 


’^Note: This article is a portion of Monolithic Memories Conference Paper CP-112, which may be found in its entirety in the second edition of the Systems 
Design Handbook. 


SKINNYDIP® is a registered trademark of Monolithic Memories. 
Double-Density-PLUS’“ is a trademark of Monolithic Memories. 


TWX: 910-338 2376 
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MonoiUhiG 

Memories 


IHliifl 

13-5 






Small but Mighty; New Components Give You More Logic in Less Chips 



You also pick up some other benefits along the way making 
this swap. The two registers within the ’LS546 are appreciably 
faster than the ’LS374s, and also have a higher output drive 
— 32 mA sinking current instead of 24 mA. The ’LS546 
and ’LS566 have clock enables which operate independently 
for each register. The ’LS546 also has a cleaned-up 
“structured” pinout with the 8 pins for each data bus 
together, each bus having its own side of the 24-pin 
dual-inline package. 

The ’LS546 is comprised of two non-inverting edge-triggered 
registers. If you are dealing with assertive-low buses and 
need inverting registers, use an ’LS566. If you prefer latches 
to registers, use either an ’LS547 (non-inverting) or an 
’LS567 (inverting). All of these parts have a common “back- 
to-back” Internal architecture, as shown in Figure 2. 




Figure 2. The 546/547/566/567 Block Diagram 

Two more families of back-to-back parts also come in the 
same pinout: the ’LS646/7/8/9 family, and the ’LS651/2/3/4 
family. These differ from each other in enable structure; the 
’LS646 et. al. have a “direction -control line” so that you 
can’t perform certain operations on both sides of the part 
simultaneously, whereas the ’LS651 et. al. have generally 
independent operations on both sides. In each of these 
families there are two non -inverting parts and two inverting 
parts; in each case, there is a three-state part and an 
open-collector part. All of the parts from both families are 
comprised of “front-loadlng-latch” individual elements (see 


Monolithic 


BACK-TO-BACK GOMFIGORATIOM 

Figure 3); a front-loading latch is an edge-triggered flipflop in 
parallel with a buffer, so that the data can be piped through the 
buffer to reach the output rapidly and then can besubsequently 
recorded in the flipflop. It is also possible, in a front-loading- 
latch structure, to pipe data temporarily around the flipflop to the 
output without ever recording It in the flipflop. The ’LS646/7/8/9 
feature hysteresis on their data inputs as well as on their control 
Inputs, which makes them function well in high-noise environ- 
ments. The ’LS653/4 are open-collector in one direction, but 
three-state in the other direction. 



Figure 3. The ’646-Series/’651 -Series Block Diagram 
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Small but Mighty; New Components Give You More Logic in Less Chips 


Then there are two “readback” parts, which consists of a 
latch or register back-to-back with a buffer: the ’LS793 
readback latch, and the ’LS794 readback register. Both of 
these are just 20-pin, and hence offer a full 2:1 saving in 
board area as well as in parts count. They have structured 
pinouts compatible with those of the ’LS573 and ’LS574, but 
a very different internal architecture; each of the 8 elements 
(latch or flipflop) has 2 outputs, one of which is totem-pole 
and goes to the presumed “output pin” of that element, and 
the other of which is three-state and goes back to the “input 
pin” for the element (see Figure 4). Thus, it is possible to 
read the contents of an ’LS793 or ’LS794 from its input lines 
by enabling its three-state outputs. 


r 



OE 


Figure 4. The 793/’794 Block Diagram 

The ’LS793 and ’LS794 are Intended for use in decentralized 
systems, for instance industrial-control systems in which a 
large number of slowly-changing setpoints and displays are 
under the control of a central microprocessor. The readback 
feature permits reading one of these, updating it, and 
replacing it. Without the readback feature, the system would 
have to keep a redundant copy of the setpoint or display 
value in main memory, which could cause additional system 
overhead due to the time-slicing of the microprocessor’s 
activities, or even due to virtual-memory page-faulting in 
larger systems. Moreover, there Is the reliability issue of 
whether the alleged redundant copy always agrees exactly 
with the real thing out there in the register controlling the 
actuator or the display, and what happens whenever it doesn’t. 


CONFIGURATION 

LATCHES 

REGISTERS 

Back-to-Back 

L/R 

’547(’373) 

’567(’533) 

’546(’374) 

’566(’534) 

Back-to-Back 

Front-Loading 

Latches 


’646/7(’374) 

’648/9(’534) 

’652/4(’374) 

’651/3(’534) 

Readback L/R 

’793(’373) 

’794(’374) 


Table 2. Double-Density PLUS Interface Product 


Table 2 is a summary of the Double-Density PLUS Interface 
product presently available from Monolithic Memories. 

Two other common and intuitively-plausible combinations of 
a couple of 8-bit latches or registers are “nose-to-tail” (one 
after the other), and “side-by-side ” (alternate). If two registers 
are used in a nose-to-tail combination, for instance, data from 
the inputs enters the first register when It Is clocked, and 
the outputs of the first register are the inputs of the second 
register, and thus the same data finally reach the outputs of 
the combination when the second register Is subsequently 
clocked. And, if two registers are used In a sIde-by-sIde 
combination, their inputs come from the same input bus, 
and their outputs go to the same output bus, but they can 
be controlled separately and the output bus can be driven 
from either one. 

Although the nose-to-tail configuration and the side-by-side 
configuration seem quite different, with the provision of 
some internal multiplexing the same Double-Density PLUS™ 
Interface part can satisfy both requirements. Such a part is 
called a pipeline — register or latch, as the case may be. The 
internal architecture of a two-level pipeline is shown in 
Figure 5. 


Figures. The ’548/9 Block Diagram 

The ’LS548, with the edge-triggered registers, and the ’LS549, 
with latches, follow the Figure 5 block diagram exactly. Their 
pinouts resemble those of ’LS546, ’LS646, and ’LS651 families. 
Their speeds are similar, and they also feature 32-mA-loL 
outputs. 

Typical applications for Double-Density PLUS Interface include 
computer peripherals, minicomputers, and microcomputers. 
Applications for the open-collector parts are in the telecommun- 
ication and games areas. The drive of these parts enables them 
to drive heavily-loaded buses, and flat cables. 



Note that the bracketed part numbers represent the element 
inside the Double-Density PLUS Interface. For example, a ’245 
can replace two ’244s and a ’546 can replace two ’374s. The same 
holds true for the ’646 and ’651 series. However the ’793/’794 are 
the equivalent of a ’373/’374 and a readback buffer such as a ’244. 
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8-Bit Buffer Transceiver 

SN54LS245 


Features/ Benefits 

• Three-State outputs drive bus lines 

• Low current PNP inputs reduce loading 

• Symmetric — equal driving capability in each direction 

• 8-bit data path matches byte boundaries 

• Ideai for microprocessor interface 

• Pin-compatibie with SN54LS645 — improved speed, 
l|l_ and \(yzL specifications 


Ordering Information 


PART 

NUMBER 

TYPE 

TEMP 

POLARITY 

POWER 

SN54LS245 

J,L,W 

Mil 

Noninvert 

LS 


Description 

These 8-bit bus transceivers are designed for asynchronous 
two-way communication between data buses. The control func- 
tion implementation minimizes external timing requirements. 

The device allows data transmission from the A bus to the B bus 
or from the B bus to the A bus depending upon the lo^c level at 
the direction-control (DIR) input. The enable input (E) can be 
used to disable the device so that the buses are effectively isolated. 


Function Table 


ENABLE 

DIRECTION 

CONTROL 

OPERATION 

b 

DIR 


L 

L 

B data to A bus 

L 

H 

A data to B bus 

H 

X 

Isolated 


Logic Symbol 




’LS24S 




- E 

a3E^:^I3b» 

A6|T-[^-^T^e5 

AtFs -1 13186 

Jz I! 

GNdE 


l^v 


IEEE Symbol 


A2- 

A3- 

.A4- 

A5- 

A6- 

A7- 

A8- 


’LS245 


E Ig N 

G3 

dir 1 

3EN1 (8A) 

1 

3EN2 (AB) 


V1 


2 V 


-84 

-85 

-86 

-87 


TWX: 910-338-2376 
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SN54LS245 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


. . . . -0.5 V to 7 V 
.... -1.5 V to 7 V 
.. -0.5 V to 5.5 V 
-65*Cto +150‘’C 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

MILITARY 

TYP 

— 

MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.5 

5 

5.5 

. 1 

V 

Ta 

Operating free-air temperature 

-55 


125 

°c 


Eiectrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

MILITARY 

TYP 

MAX 

UNIT 

V|L 

Low-level input voltage 


0.7 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| = -18mA 

-1.5 

V 

AVj 

Hysteresis (Vj^-VjJ A or B 

Vqq = MIN 

0.2 

0.4 


V 

l|L 

Low-level input current 

Vqq = MAX 

Vj = 0.4 V 

-0.2 

mA 

>IH 

High-level input current 

Vqq = MAX 

V| = 2.7 V 

20 

mA 

ii 

Maximum 


AorB 

Vqq = MAX 

V| = 5.5V 

0.1 

mA 

input current 


DIR or E 

V| = 7.0 V 

Vql 

Low-level output voltage 

Vqq = MIN 

Vji =MAX 
V,H =2V 

IqL = 12 mA 


0.25 

0.4 

V 

VqH 




Vqq = MIN 
V|L =MAX 
V|H =2V 

IqH = -3 '"A 

2.4 

3.4 


V 

' 

IOH = -12mA 

2 

‘OZL 

Off-State output current 

Vqq = MAX 
V|L =MAX 
V|H =2V 

Vq = 0.4 V 

-200 

mA 

'OZH 

Vo = 2.7V 

20 

mA 

'os 

Output short-circuit current* 

Vcc=MAX 

-40 


-225 

mA 



Outputs 

High 




48 

70 


'cc 

Supply 

Current 

Outputs 

Low 

Vqq = MAX. Outputs open 


62 

90 

mA 



Outputs 

Disabled 




64 

95 



* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


Switching Characteristics vcc == s v, ta = 25 °c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load/Waveforms) 

A to B DIRECTION 
MIN TYP MAX 

B to A DIRECTION 
MIN TYP MAX 

UNIT 

tPLH 

Data to output delay 



8 

12 

8 

12 

ns 

tPHL 

Cl = 45 pF 

RL = 667n 

8 

12 

8 

12 

ns 

tpzL 

Output enable delay 

27 

40 

27 

40 

ns 

tPZH 



25 

40 

25 

40 

ns 

tPZL 

Output disable delay 

Cl = 5pF 

RL = 667n 

15 

25 

15 

25 

ns 

tPHZ 

15 

25 

15 

25 

ns 
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8-Bit Buffer Transceivers 

SN54LS645 


Features/ Benefits 

• Three-State outputs drive bus lines 

• Low current PNP inputs reduce loading 

• Symmetric — equal driving capability in each direction 
i • 8-bit data path matches byte boundaries 

I • ideal for microprocessor interface 

I , 

I 


Ordering Information 


PART 

NUMBER 

TYPE 

TEMP 

POLARITY 

POWER 

SN54LS645 

J,L,W 

Mil 

Non invert 

LS 


Description 

These 8-bit bus transceivers are designed for asynchronous 
two-way communication between data buses. The control func- 
tion implementation minimizes external timing requirements. 

The device allows data transmission from the A bus to the B bus 
or from the B bus to the A bus depending upon the logic level at 
the direction-control (DIR) Input. The enable input (E) can be 
used to disable the device so that the buses are effectively isolated . 

All of the 8-blt devices are packaged in the popular 20-pln 
SKINNYDIP. 


Logic Symbol 


SN54LS645 


dirE] 


^vcc 

ET 1 1 






OVi f v jzli 

GND [l0 XP- 






B3 

17^84 


Function Table 


ENABLE 

DIRECTION 


CONTROL 

OPERATION 

c 

DIR 


L 

L 

B data to A bus 

L ' 

H 

A data to B bus 

H 

X 

Isolated 


IEEE Symbol 


E- 

DIR- 


A2- 

A3- 

A4- 

A5- 

A6- 

A7- 

A8- 


SN54LS645 




G3 

3EN1 (BA) 
3EN2 (AB) 


VI 


2 V 


-B4 

-B5 

-B6 

-B7 

-B8 


TWX: 910-338-2376 mM ~ “ 
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SN54LS645 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 

Operating Conditions 


. . .. -0.5Vto7 V 
.... -1.5 Vto7 V 
.. -0.5 V to 5.5 V 
-65°Cto +150°C 


SYMBOL 

PARAMETER 

MIN 

MILITARY 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 

4.5 

5 

5.5 


Ta 

Operating free-air temperature 

-55 


125 

m 


Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.7 

V 

V|H 

High-level input voltage 


2 

V 

V|C 

Input clamp voltage 

Vcc = min l| = -18mA 

-1.5 

V 

AVj 

Hysteresis (Vt^.-Vj_) A or B 

Vcc = min 

0.2 0.4 

V 

l|L 

Low-level input current 

Vcc max V| = 0.4 V 

-0.2 

mA 

hH 

High-level input current 

Vcc = max V| = 2.7 V 

20 

mA 

'l 

Maximum 
input current 

A or B 

Vcc = max 

V| =5.5V 

0.1 

mA 

DIR or E 

V| = 7.0 V 

Vql 

Low-level output voltage 

Vcc = min 

V|L =MAX 
V|H =2V 

\Q\_ = A2mA 

0.25 0.4 

V 

Vqh 

High-level output voltage 



Vcc = min 

V|L =MAX 
V|H =2V 

Iqh ^ “2 mA 

2.4 3.4 

V 

IOH = -‘l2mA 

2 

'OZL 

Off-state output current 

< < < 

8 

II II II 

Vq = 0.4 V 

-200 

mA 

'OZH 

Vq = 2.7 V 

20 

mA 

'os 

Output short-circuit current* 

Vcc = max 

-40 -225 

mA 

'CG 

Supply 

Current 

Outputs 

High 

. 

Vcc “ max. Outputs open 

48 70 

mA 

Outputs 

Low 

62 90 

Outputs 

Disabled 

64 95 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


Switehing Characteristics vcc = s v, ta = 25 °c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load/Waveforms) 

A to B DIRECTION 
MIN TYP MAX 

B to A DIRECTION 
MIN TYP MAX 

UNIT 

tPLH 

Data to output delay 



8 

IS 

8 

15 

ns 

tPHL 

Cl=45pF 

Rl = 667 a 

11 

15 

11 

15 

ns 

tPZL 

Output enable delay 

31 

40 

31 

40 

ns 

tPZH 



26 

40 

26 

40 

ns 

tPLZ 

Output disable delay 

C|_=5pF 

RL=667a 

15 

25 ! 

15 

25 

ns 

tPHZ 

15 

25 

15 

25 

ns 
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SN54LS645 


Test Load 


Test Waveforms 


VCC 



The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


1 

INPUT ^ 


3V 

OUTPUT \ 

V CONTROL 

^ n\t 


tpLH^ 

IN-PHASE 

OUTPUT 



*— 

(Low-ievei 

-tpHL enabling) 

— — - — - \fr\Li 

tpZL— ► 




*On 

^Vt WAVEFORM 1 

51 closed ^ 

52 open 

-4— tpzH-^ 


tPHL- 


-tpLH 


OUT OF PHASE ^ \ 

OUTPUT 
fSee Note G) 


^Vt waveform 2 

^ ' SI open S2 Closed 




Propagation Delay 


Vt= 1.3 V 


Enable and Disable 


Notes: A. C|_ includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

C. For Series 54LS, Rq = 5 K, Vj = 1 .3 V. 

D. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

E. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

F. All input pulses are supplied by generators having the following 
characteristics: PRR < 1 MHz. Zqijt = 50 fl and: 

For series 54S, tp < 2.5 ns, tp ^ 2.5 ns. 

For Series 54LS, tp < 1 5 ns, tp 6 ns. 

G. When measuring propagation delay times of three-state outputs, 
switches SI and S2 are closed. 


MonolHMc 
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Memories 


13-13 






8 -Bit Bus Register Transceivers 
and Latch Transceivers 

SN54/74LS546 SN54/74LS547 
SN54/74LS566 SN54/74LS567 


Features/ Benefits 

• Bidirectional transceivers utilizing registers or latches 

• Faster than other LS-TTL registers/latches 

• Independent registers/latches for A bus and B bus 

• Data can be swapped between internal registers/latches 

• 8-bit data paths match byte boundaries 

• ’LS546/547/566/567 can replace two ’LS374/373/534/533 
devices 

• Independent clock/gate enables for rank A and rank B 

• High drive capability: Iql (COM), 24 mA (MIL) 

• 24-pin SKINNYDIP® saves space 

• Three-state outputs drive bus lines 

• The clock, clock-enable, and latch-enable inputs typically 
have 300 mV hysteresis 

There are independent clock and clock eriable controls for the 
two directions namely CKA, CKB, CKEA, CKEB for LS546/ 
’LS5 66, a nd independent gate enable contr ol GA1, G A2, GB1 
and GB2 for ’LS547/’LS567. The GKA/B and CKEA/B can con- 
trol the internal registers A/B to load data or hold data. Similarly, 
the GA1, G^, GB1 and GB2 can govern the internal latches, 
A/B to pass or hold data. 


Description 

These devices are comprised of a pair of 8-bit registers (’LS546, 
’LS566), or a pair of 8-bit latches (’LS547, ’LS567). 

The di rection of operatio n is con trolled by OEAB and OEBA. 
When OEAB is Low and OEBA is High, t he ope ration of the 
registe rs/latches is A-to-B direction; when OEAB is High and 
OEBA is low, t he ope rati on of th e registers/latches is B-to-A 
direction: when OEAB and OEBA both are High, the A, B buses 
both are inputs, data will be stored into registers/latches: when 
OEAB and OEBA both are Low, the A, B buses both are outputs, 
data will transfer from internal registers/latches to A, B buses. 

There are independent clock and clock enabl e cont rols for the 
two directions: namely CKA, CKB, CKEA and CKE B for 
’LS546/’L S566 , and independent gate enable contr ol GA1 , G A2, 
GB1 and GB2 for ’LS547/’LS567. The CKA/B and CKEA/B can 
control the internal regis ters A/B t o load data or hold data. 
Similarly, the GA1, GA2, GB1 and GB2 govern the internal 
latches, A/B to pass or hold data. 

The ’LS546/’547 provide non-inverting polarity; the ’LS566/’LS567 
provide inverting polarity. The ’LS546/’LS547/’LS566/’LS567 all 
have 3-state outputs, and have 32-mA output drive Iql (GOM) 
over the commercial temperature range and 24-mA output drive 
Iql (MIL), over the military temperature range. 

All of the devices are packaged in the popular 24-pin SKIN- 
NYDIP package. 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

POLARITY 

TYPE 

POWER 

SN54LS546 

JS, W, L (28) 

Mil 

Non-invert 

Register 

LS 

SN74LS546 

NS, JS, NL (28) 

Com 

SN54LS547 

JS, W, L (28) 

Mil 

Latch 

SN74LS547 

NS, JS, NL (28) 

Com 

SN54LS566 

JS, W, L (28) 

Mil 

Invert 

Register 

SN74LS566 

NS, JS, NL (28) 

Com 

SN54LS567 

JS, W, L (28) 

Mil 

Latch 

SN74LS567 

NS, JS, NL (28) 

Com 


SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 

21 75 Mission College Blvd. Santa Clara, C A 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 


Pin Configurations 


SN74LS546 


SN74LS547 



^OEAB CKA NC 

VCC CKB CKEB 



^OEAB GA2 GA1 

NC VCC GB1 GB2 

AO CKEA 

OEBA 

E 

AO 

OEBA 

Ei 

A1 

BO 


E 

A1 

BO 

E 

A2 

B1 


E 

A2 

B1 

E 

NC 

NC 


E 

NC 

NC 

□ 

A3 

B2 


E 

A3 

B2 

EE! 

A4 

B3 



A4 

B3 

m 

A5 

A6 A7 GND NC 

B4 

B7 B6 B5 



A5 

A6 A7 GND 

B4 

NC B7 B6 B5 




Plastic Chip Carrier 


|l2|ll3jyy|l6lll^|l8) 
Plastic Chip Carrier 


SN74LS566 


SN74LS567 


Plastic Chip Carrier 



^OEAB CKA NC 

VCC CKB CKEB 


El 

^OEABGA2GA1 

NC VCC GB1 GB2 

AO CKEA 

OEBA 

AO 

OEBA 

E 

A1 

BO 



A1 

BO 

E 

A2 

B1 


E 

A2 

B1 

E 

NC 

NC 


E 

NC 

NC 

B 

A3 

B2 


E 

A3 

B2 

EQ 

A4 

B3 



A4 

B3 

m 

AS 

A6 A7 GND NC 

B4 

B7 B6 B5 



AS 

A6 A7 GND 

B4 

NC B7 B6 B5 


Piastic Chip Carrier 


Monolithic 


im 
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SN54/74LS546 SII54/74LS547 SN54/74LS566 SN54/74LS567 


Logic Diagram 


SN54/74LS547 
LATCH TRANSCEIVER 
NON-INVERTING OUTPUTS 


GA1 


GA2 


OEAB 


AO 


A1 


A2 


A3 


A4 


AS 


A6 


A7 


GND 


r 


Q“ 


Fl 


F 


F 




m 

BH 

8 


D 


10 


11 


12 


->1 
-0^1 


w 


’I 




---p|pQh-|>-i I d|— - 










---» — I pj 

-- I d|— 


-■H ^u I U| 


<- 








D — 




CQ 

CSJ 


22 


21 


20 


19 






16 

■■ 

JU 


FI 

HH 

0 


vcc 


GB1 


GB2 


OEBA 


BO 


B1 


B2 


B3 


B4 


B5 


B6 


B7 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 


Logic Diagram 


SN54/74LS566 
REGISTER TRANSCEIVER 
INVERTING OUTPUTS 


CKA 


CKEA 


OEAB 


AO 


A1 


k2 


A3 


A4 


A5 


A6 


A7 


GND 



VCC 


CKB 


CKEB 


OEBA 


BO 


B1 


B2 


B3 


B4 


B5 


S5 


B7 
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SN54/74LS546 SN54/74tS547 SN54/74LS566 SN54/74LS567 


Logic Diagram 


SN54/74LS567 
LATCH TRANSCEIVER 
INVERTING OUTPUTS 


GA1 


GA2 


OEAB 


AO 


A1 


A2 


A3 


A4 


AS 


A6 


A7 


GND 


[l 










m 




0 




M 

im 

11 


12 




->1 
-0^1 










■--pl£Qh-|>Oi Lsi 


Lj°j— [" 


---t — |dq 

LsJ 




<- 


\au 




KIW 




CM 

n~ 

CO 

CM 


22 


21 


20 

iHB 

M 




0 

HU 

0 

■■ 

0 

■m 

0 

■n 

0 


vcc 


GB1 


GB2 


OEBA 


BO 


B1 


B2 


B3 


B4 


B5 


B6 


B7 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 


Block Diagrams 


’LS546 (Non-Inverting) 


’LS547 (Non-inverting) 


A BUS A BUS 



BBUS 


BBUS 


’LS566 (Inverting) 


’LS567 (Inverting) 


A BUS A BUS 



B BUS B BUS 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 


Function Table 
Momenclature Description 

A0-A7: Eight input/output pins on the A side. 

B0-B7: Eight input/output pins on the B side. 

X: H or L state irrelevant (“Don’t Care” conditions). 

GM/GaS: Gate enables for rank A of ’LS547/’LS567. 
GB1/GB2: Gate enables for rank B of ’LS547/’LS567. 
QoA/QoB^ Previous data of the internal rank A/B. 


GA1 

GA2 

RANK A 

GB1 

GB2 

RANKB 

X 

L 

Enabled 

(Flush) 

X 

L 

Enabled 

(Flush) 

X 

L 

Enabled 

(Flush) 

L 

H 

Disabled 

(Freeze) 

X 

L 

Enabled 

(Flush) 

H 

X 

Enabled 

(Flush) 

L 

H 

Disabled 

(Freeze) 

H 

X 

Enabled 

(Flush) 

L 

H 

Disabled 

(Freeze) 

X 

L 

Enabled 

(Flush) 

L 

H 

Disabled 

(Freeze) 

L 

H 

Disabled 

(Freeze) 

H 

X 

Enabled 

(Flush) 

X 

L 

Enabled 

(Flush) 

H 

X 

Enabled 

(Flush) 

L 

H 

Disabled 

(Freeze) 

H 

X 

Enabled 

(Flush) 

H 

I 

I 

X 

Enabled 

(Flush) 


CKEA/CKEB: Clock enable for rank A/B of ’LS546/’LS566. 
CKA/CKB: Clock for rank A/B of ’LS546/’LS566. 


UC: H or L or 1 case (nonclocked operation). 

t: Positive edge of CK causes clocking, if clock 

enable is asserted. 


CKA 

CKEA 

RANK A 

CKB 

CKEB 

RANKB 

UC 

X 

Disabled 

UC 

X 

Disabled 

I 

L 

Enabled 

I 

L 

Enabled 

! . 

L 

Enabled 

t 

H 

Disabled 

t 

H 

Disabled 

t 

L 

Enabled 

r 

H 

Disabled 

t 

H 

Disabled 


OEAB: To enable the A-to-B operation. 

OEBA: To enable the B-to-A operation. 


OEAB 

OEBA 

OPERATION DIRECTION 

L 

■ - — I 

L 

A, B buses both are outputs 
(Transfer stored data to bus stored) 

L 

H 

A-to-B 

H 

L 

B-to-A 

H 

H 

A, B buses both are inputs (storage) 


Pin Configuration 


(GAIt) OKA 
(^t)CKiA 
OE^ 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
GND 

fFor SN74LS547, SN74LS567 




SN74LS546 

SN74LS566 

SN74LS547 

SN74LS567 


^ vcc 

^ CKB (GBit) 
^ CKEB (GB2t) 
^ OEBA 
2 SI BO 
i9|B1 

33 

73 B3 
B4 
B5 
B 6 
2^87 
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SN54/74LSS46 SN54/74LS547 SN54/74LS566 SN54/74LS567 


Bus Operation For ’LS546 


OPERATION 


DIRECTION 

CONTROL 


OEAB OEBA 


DATA I/O 


A0-A7 B0-B7 


BLOCK DIAGRAM 


CLOCK 
ENABLE (A) 

RANK A 

CLOCK 
ENABLE (B) 

RANKB 

CKA 

CKEA 

CKB 

CKEB 

UC 

X 

QoA 

UC 

X 

QoB 

uc 

X 

QoA 

t 

L 

B bus 

UC 

X 

QoA 

t 

H 

QoB 

t 

L 

A bus 

UC 

X 

QoB 

t 

L 

A bus 

1 

L 

B bus 

t 

L 

A bus 

t 

H 

QoB 

t 

H 

QoA 

uc 

X 

QoB 

t 

H 

QoA 

t 

L 

B bus 

t 

H 

QoA 

T 

H 

QoB 

uc 

X 

QoA 

uc 

X 

QoB 

uc 

X 

QoA 

t 

L 

B bus 

uc 

X 

QoA 

t 

H 

QoB 

t 

L 

Rank B 

uc 

X 

QoB 

f 

L 

Rank B 

r 

L 

B bus 

f 

L 

Rank B 

r 

H 

QoB 

t 

H 

QoA 

uc 

X 

QoB 

t 

H 

QoA 

f 

L 

B bus 

t 

H 

QoA 

t 

H 

QoB 

uc 

X 

QoA 

uc 

X 

QoB 

uc 

X 

QoA 

t 

L 

Rank A 

uc 

X 

QoA 

t 

H 

QoB 

t 

L 

A bus 

uc 

X 

QoB 

t 

L 

A bus 

t 

L 

Rank A 

t 

L 

A bus 

t 

H 

QoB 

t 

H 

QoA 

uc 

X 

QoB 

t 

H 

QoA 

t 

L 

Rank A 

t 

H 

QoA 

t 

H 

QoB 

uc 

X 

QoA 

uc 

X 

QoB 

uc 

X 

QoA 

f 

L 

Rank A 

uc i 

X 

QoA 

f 

H 

QoB 

t. 

L 

Rank B 

uc i 

X 

QoB 

t 

L 

Rank B 

t 

L 

Rank A 

1 

L 

Rank B 

t 

H 

QoB 

t 

H 

QoA 

uc 

X 

QoB 

t 

H 

QoA 

■ 

! 

L 

Rank A 

t 

H 

QoA 

t 

H 

QoB 


Storage 


Input 


Input 



A 

BUS 


B-to-A 

Operation 


Output 

of 

Bank B 


Input 


A-to-B 

Operation 


Input 


Output 

of 

Rank A 



T ransfer 

Stored 

Data 


Output 

of 

Rank B 


Output 

of 

Rank A 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 


Bus Operation For ’LS547 


OPERATION 


DIRECTION 

CONTROL 


OEAB OEBA 


DATA I/O 


A0-A7 B0-B7 


BLOCK DIAGRAM 


GATE 

ENABLE (A) 

RANK A 

GATE 

ENABLE (B) 

RANK B 

GA1 

G^ 

GB1 

GB2 

L 

H 

QoA 

L 

H 

QoB 

L 

H 

QoA 

H 

X 

B bus 

L 

H 

QoA 

X 

L 

B bus 

H 

X 

A bus 

L 

H 

QoB 

H 

X 

A bus 

H 

X 

B bus 

H 

X 

A bus 

X 

L 

B bus 

X 

L 

A bus 

L 

H 

QoB 

X 

L 

A bus 

H 

X 

B bus 

X 

L 

A bus 


L 

B bus 

L 

H 

QoA 

L 

H 

QoB 

L 

H 

QoA 

H 

X 

B bus 

L 

H 

QoA 

X 

L 

B bus 

H 

X 

Rank B 

L 

H 

QoB 

H 

X 

Rank B 

H 

X 

B bus 

H 

X 

Rank B 

X 

L 

B bus 

X 

L 

Rank B 

L 

H 

QoB 

X 

L 

Rank B 

H 

X 

B bus 

X 

L 

Rank B 

X 

L 

B bus 

L 

H 

QoA 

L 

H 

QoB 

L 

H 

QoA 

■ H 

X 

Rank A 

L 

H 

QoA 

X 

L 

Rank A 


X 

A bus 

L 

H 

QoB 

H 

X 

A bus 

H 

X 

Ran k A 

H 

X 

A bus 

X 

L 

Rank A 

X 

L 

A bus 

I 

L 

H 

QoB 

X 

L 

A bus 

H 

X 

Rank A 

X 

L 

A bus 

X 

L 

Rank A 

L 

H 

QoA 

L 

H 

QoB 

L 

H 

QoA 

H 

X 

Rank A 

L 

H 

QoA 

X 

L 

Rank A 

H 

X 

Rank B 

L 

H 

QoB 

H* 

X 

Rank B 

H 

X 

Rank A 

H* 

X 

Rank B 

X I 

L 

Rank A 

X 

L 

Rank B 

L 

H 

QoB 

X* 

L 

Rank B 

H 

X 

Rank A 

X* 

L 

Rank B 

X-' 

L 

Rank A 


Storage 


Input 


Input 



B-to-A 

Operation 


Output 

of 

Rank B 


Input 


rank] 

A 


A-to-B 

Operation 


Input 


Output 

of 

Rank A 



Transfer 

Stored 

Data 


Output 

of 

Rank B 


Output 

of 

Rank A 



NOTE; These controls for OEAB, OEBA, GA1, GA2, GB1 and GB2 can cause race conditions. 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 


Bus Operation For ’LS566 


CLOCK 
ENABLE (A) 

RANK A 

CLOCK 
ENABLE (B) 

RANKB 

CKA 

CKEA 

' _J 

CKB 

CKEB 

uc 

X 

QoA 

UC 

X 

QoB 

uc 

X 

QoA 

r 

L 

B bus 

uc 

X 

QoA 

t 

H 

QoB 

t 

L 

A bus 

uc 

X 

QoB 

\ 

L 

A bus 

! 

L 

B bus 

\ 

L 

A bus 

1 

H 

QoB 

\ 

H 

QoA 

UC 

X 

QoB 

\ 

H 

QoA 

t 

L 

B bus 

\ 

H 

QoA 

1 

H 

QoB 

uc 

X 

QoA 

uc 

X 

QoB 

uc 

X 

QoA 

t 

L 

B bus 

uc 

X 

QoA 

t 

H 

QoB 

t 

L 

Rank B 

uc 

X 

QoB 

t 

L 

Rank B 

\ 

L 

B bus 

t 

L 

Rank B 

f 

H 

QoB 

t 

H 

QoA 

uc 

X 

QoB 

t 

H 

QoA 

f 

L 

B bus 

t 

H 

QoA 

f 

H 

QoB 

uc 

X 

QoA 

uc 

X 

QoB 

uc 

X 

QoA 

t 

L 

Rank A 

uc 

X 

QoA 

t 

H 

QoB 

t 

L 

A bus 

uc 

X 

QoB 

f 

L 

A bus 

f 

L 

Rank A 

t 

L 

A bus 

f 

H 

QoB 

t 

H 

QoA 

uc 

X 

QoB 

t 

H 

QoA 

\ 

L 

Rank A 

t 

H 

QoA 

t 

H 

QoB 

uc 

X 

QoA 

uc 

X 

QoB 

uc 

X 

QoA 

t 

L 

Rank A 

uc 

X 

QoA 

r . 

H 

QoB 

t 

L 

Rank B 

uc 

X 

1 

QoB 

r 

L 

Rank B 

f 

L 



Rank A 

\ 

L 

Rank B 

\ 

H 

QoB 

r 

H 

QoA 

uc 

1 ^ 

QoB 

t 

H 

QoA 

1 

! L 

Rank A 

t 

H 

QoA 

f 

H . 

QoB 


OPERATION 


DIRECTION 

CONTROL 


OEAB OEBA 


DATA I/O 


A0-A7 B0-B7 


BLOCK DIAGRAM 


Storage 


Input 


Input 



B-to-A 

Operation 


Output 

of 


Input 


Rank B 



A-to-B 

Operation 


Input 


Output 

of 


Rank A 



T ransfer 

Stored 

Data 


Output 

of 


Output 

of 


Rank B 


Rank A 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 


Bus Operation For ’LS567 



* NOTE: These controls for OEAB, OEBA, GA1, GA2, GB1 and GB2 can cause race conditions. 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 


Absolute Maximum Ratings 

Supply voltage Vqq -0.5 V to 7 V 

Input voltage -1.5Vto7V 

Off-state output voltage -0.5 V to 5.5 V 

Storage temperature -65° C to +1 50° C 


Operati 


ng Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free-air temperature 

-55 125 

0 75 

°c 

Tw 

Width of clock/gate 

’LS546, ’LS566 

High 

CK 

11 

8 

ns 

Low 

19 

15 

’LS547. ’LS567 

High 

GA1,GB1 

10 

8 

Low 


18 

16 

Tsu 

■ 

Setup time 

’LS546 

OKA, CKB 

141 

11! 

ns 

’LS547 

GA1,GB1 

5i 

5! 

GA2, GB2 

151 

15! 

’LS566 

OKA, CKB 

14! 

11! 

’LS567 

GA1,GB1 

13i 

131 

GA2, GB2 

22! 

22! 

Th 

Hold time 

’LS546 

OKA, CKB 

0! 

Of 

ns 

’LS547 

GA1,GB1 

13i 

13i 

G^, GB2 

5! 

5! 

’LS566 

OKA, CKB 

[■ 0!. , 

0! 

’LS567 

GA1, GB1 

! iii 

Hi 

gT^.gbI 

5t 

5! 

Tsuce 

Setup time for CKEA, CKEB, (’LS546, ’LS566 only) 

15! 

11! 

ns 

^hce 

Hold time for CKEA, CKEB (’LS546, ’LS566 only) 

5! 

4! 

ns 


I I the arrow indicates the transition of the clock/gate input used for reference: 
t for the low-to-high transitions. 

I for the high-to-low transitions. 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SM54/74LS567 


ElectriCdl Chsrscteristics over operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

0.8 

V 

V|H 

High-level input voltage 


2 

2 

V 

V|C 

Input clamp voltage 

Vqq^MIN l| = -18mA 

-1.5 

-1.5 

V 

l|L 

Low-level input current 

Vcc = max 

V, = 0.4 V 

A or B 

-250 

-250 

/uA 

All others 

-400 

-400 

l|H 

High-level input current 

Vcc = max V| = 2.7V 

20 

20 

mA 

l| 

Maximum input 
current 

A or B 

Vcc = max 

V| = 5.5V 

0.1 

0.1 

mA 

All others 

V| - 7.0 V 

VoL 

Low-level 
output voltage 

Vcc = min 

V|L= MAX 

V|H = 2V 

Iqi_ = 24 mA 

0.5 


V 

IqL = 32 mA 


0.35 0.5 

VqH 

High-level 
output voltage 

Vcc = min 
V|L= MAX 
V|H-2V 

IOH = -1 mA 

2.4 3.4 


V 

•oh ^ "2.6 mA 


2.4 3.1 

'OZL 

'OZH 

Ofr-state output current 

— ^ ^ ^ ^ 

Vcc " max 

Vq = 0.4 V 

-250 

-250 

mA 

Vq = 2.4 V 

20 

20 

'os 

Output short-circuit current* 

Vcc = max 

-30 -130 

-30 -130 

mA 

o 

o 

Supply current 

Vcc = max 
O utputs open 

’LS546 

180 

180 

mA 

’LS547 

180 

180 

’LS566 

180 

180 

’LS567 

180 

180 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
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SN54/74LS546 SN54/74LS547 


Switching Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

COMMERCIAL 

UNIT 

’LS546 
MIN MAX 

’LS547 
MIN MAX 

’LS546 
MIN MAX 

’LS547 
MIN MAX 

fMAX 

Maximum clock 
frequency 

Cl = 45pF R|_ = 280n 

OE = L 

33 


43 


MHz 

tpLH/tpHL 

CK to output delay 
(’LS546 only) 

26 


21 


ns 

tpLH/tpHL 

GA1, G^, GB1 or 

GB2 to output 
delay (’LS547 only) 


27 


24 

ns 

^lh/^phl 

Data D to output 
delay (’LS547 only) 


23 


18 

ns 

¥ZL/tpZH 

Output enable 
delay 

Cl = 45pF R|_=280n 

25 

25 


21 

ns 

tpLZ/tpHZ 

Output disable 
delay 

Cl=5pF RL = 280n 

22 

22 

19 

■ 

19 

ns 


Switching Characteristics = 5 v, Ta = 25 °c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

’LS546 

MIN MAX 

’LS547 

MIN MAX 

UNIT 

^MAX 

Maximum clock frequency 

Cl = 45 pF Rl = 280 n 

OE = L 

50 


MHz 

tpLH/tpHL 

CK to output delay 
(’LS546 only) 

19 


ns 

^LH/tpHL 

GAt,^, GB1 or^to 
output delay (’LS547 only) 


23 

ns 

^lh/^phl 

Data D to output delay 
(’LS547 only) 


17 

ns 

•PZL^'PZH 

Output enable delay 

Cl = 45 pF Rl = 280 CL 

19 

19 

ns 

*PLZ^*PHZ 

Output disable delay 

Cl=5pF RL= 280n 

17 

17 

ns 
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SK54/74LS566 SN54/74LS567 


Switching Characteristics Over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

COMMERCIAL 

UNIT 

’LS566 
MIN MAX 

’LS567 
MIN MAX 

’LS566 
MIN MAX 

’LS567 
MIN MAX 

^MAX 

Maximum clock 
frequency 

Ci_ = 45pF RL = 280n 

L 

33 


43 


MHz 

¥lh/¥hl 

CK to output delay 
(’LS566 only) 

26 


21 


ns 

^plh/^hl 

GA1, G^, GB1 or 

GB2 to output 
delay (’LS567 only) 


26 


24 

ns 

tpLH/^HL 

Data D to output 
delay (’LS567 only) 


29 


23 

ns 

tpzi/tpzH 

Output enable 
delay 

Cl=45pF RL= 280n 

25 

25 

21 

21 

ns 

¥lz/¥hz 

Output disable 
delay 

C|_=5pF R|_= 280n 

22 

22 

19 

19 

ns 


Switching Characteristics vcc = s v, = 25 °c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

’LS566 

MIN MAX 

’LS567 

MIN MAX 

UNIT 

^MAX 

Maximum clock frequency 

C|_=45pF R|_= 280n 

0E= L 

50 


MHz 

¥lh/¥hl 

CK to output delay 
(’LS566only) 

19 


ns 

¥lh%hl 

GA1, GA2, GB1 orGB2to 
output delay (’LS567 only) 


21 

ns 

¥LH/tpHL 

Data D to output delay 
(’LS567 only) 


19 

ns 

*PZL''‘PZH 

Output enable delay 

C|_ = 45 pF R|_ = 280 H 

19 

19 

ns 

^PLZ/^PHZ 

Output disable delay 

C|_ = 5pF RL= 280a 

17 

17 

ns 
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SN54/74LS546 SN54/74LS547 SN54/74LS566 SN54/74LS567 


Test Load 


VCC 



* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 



ENABLE AND DISABLE 


NOTES: A. GLincludes probe and jig capacitance. 

B. Alldiodesare1N916or1N3064. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 

E. All input pulses are supplied by generators having the following characteristics: PRR <1 MHz, Zout ^ 50Ii and tp < 15 ns tp < 6 ns. 

F. When measuring propagation delay times of 3-state outputs, switches SI and S2 are closed. 
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8-Bit Bus Front-Loading-Latch 
Transceivers 


SN54/74LS646 

SN54/74LS648 


SN54/74LS647 

SN54/74LS649 


Features/Benefits 

• Bidirectional bus transceivers and registers 

• independent registers for A and B buses 

• Real-time data transfer or stored data transfer 

• 24-pin SKINNYDIP® saves space 

• 8-bit data path matches byte boundaries 

• Three-state or open-collector outputs drive bus lines 

Description 

The 8-bit bus transceivers with 3-state (’LS646, ’LS648) or open- 
collector (’LS647, ’LS649) outputs have 16 D-type flip-flops and 
multiplexers. The bus-oriented pinout of the parts is shown in the 
Pin Configuration. The internal gate-level hardware configura- 
tions for the ’LS646/647 and ’LS648/649 are g iven in their respec- 
tive Logic Diagrams. The basic repeated element, consisting of 
an edge-triggered flip-flop paralleled with a bypassing path or 
“feed-through” into a two-way mux, is sometimes called a “front- 
loading latch.” 

A pair of multiplexers are used to distribute two bytes of data 
through the part. The data-routing combinations offered by the 
multiplexers provide flexibility in directing data to or from either 
bus, and/or either register. Data is loaded into registers A or B 
upon the rising edge of the appropriate clock signals. CKA 
clocks register A, which receives data from the B bus directly at 

Pin Configurations 

’LS646/647/648/649 

8-Bit Bus Front-Loading-Latch Transceivers 



Ordering information 


PART 

NUMBER 

PKG 

TEMP 

POLARITY 

0/P 

— 

PWR 

SN54LS646 

JS,W,L (28) 

Mil 

Noninvert 

Three-state 

LS 

SN54LS646 

NS,JS 

NL (28) 

Com 

Non invert 

Three-state 

LS 

SN54LS647 

JS,W,L (28) 

Mil 

Noninvert 

Open- 

collector 

LS 

LS 

SN74LS647 

NS, JS 

NL (28) 

Com 

Non invert 

SN54LS648 

JS,W,L (28) 

Mil 

Invert 

Three-State 

LS 

SN54LS648 

NS.JS 

NL (28) 

Com 

Invert 

Three-state 

LS 

SN54LS649 

JS,W,L (28) 

Mil 

Invert 

Open- 

collector 

LS 

SN74LS649 

NS,JS 

NL(28) 

Com 

Invert 

LS 


its inputs. Similarly, CKB clocks register B, which has the A bus 
available directly at its inputs. Control of the multiplexers is 
provided by two select lines (one per register), SRA an^SRB. 
Command of the outputs is performed by enable line E, and 
direction line DIR. 


When E is High data from the buses can be stored into register A 
and B. When E is Low and DIR is High, the direction of operation 
is from A to B; when E and DIR are LOW, the direction of 
operation is from B to A. 


SRA is used to select between register A and the B bus, and then 
to route the data to a controlled buffer connected to the A bus. 
Likewise, SRB selects between register B and the A bus, and 
then routes the data to the B bus through a controlled buffer. 


fTiFirrimisiFiizsi 


f DIR 

SRB CKB NC VCC CKA SRA I 

AO 


E 

A1 


BO 

A2 

SN74LS646 

B1 

NC 

SN74LS647 

SN74LS648 

NC 

A3 

3N74LS649 

B2 

A4 


B3 

A5 


B4 

A6 

A7 GND NC B7 B6 

B5 






Plastic Chip Carrier 


SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54/74LS646 SN54/74LS647 SN54/74LS648 SN54/74LS649 


Logic Diagrams 


’LS646/647 (Non-Inverting) 



* For the ’LS646 devices, the A and B bus outputs are 3-state. 

For the ’LS647 devices, the A and B bus outputs are open-collector. 


’LS648/649 (inverting) 



For the ’LS649 devices, the A and B bus outputs are open-collector. 
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SN54/74LS646 SN54/74LS647 SN54/74LS648 SN54/74LS649 


Block Diagrams 

’LS646/647 (Non-Inverting) 


’LS648/649 (Inverting) 




For the ’LS646/648 devices, the A and B bus outputs are 3-state. 

For the ’LS647/649 devices, the A and B bus outputs are open-collector. 


Function Table 
Nomenclature Description 


E: To enable the A-to-B or B-to-A operation. 

DIR: To select the direction of operation. 


E 

DIR 

OPERATION DIRECTION 

L 

L 

B-to-A 

L 

H 

A-to-B 

H 


A and B buses both are inputs (storage) 


SRA/SRB: To select the output data coming from the A/B 
register if SRA/SRB is a High level; otherwise, 
directly from the input data bus. 

A0-A7: Eight input/output pins on the A side. 

B0-B7: Eight input/output pins on the B side. 

CKA/CKB: Clock for Register A/B. 

X: H or L state irrelevant (“Don’t Care” conditions). 

t : Positive edge of CK causes clocking, if clock enable 

is asserted. 

UC: H or L or i case (nonclocked operation). 

RGTR: Register. 
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SN54/74LS646 SN54/74LS647 


Bus Operation for ’LS646/647 
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Bus Operation for ’LS648/649 
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SN54/74LS646 SN54/74LS648 


Absolute Maximum Ratings 

Supply voltage Vqq -0.5 V to 7 V 

Input voltage — -1.5 V to 7 V 

Off-state output voltage -0.5 V to 5.5 V 

Storage temperature -65° C to +1 50° C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free air temperature 

-55 125 

0 75 

°c 

‘w 

Width of clock 

High 

20 

20 

ns 

Low 

20 

20 

^SU 

Setup time 

’LS646 

20 I 

20 t 

ns 

’LS648 

20 f 

20 t 

th 

Hold time 

’LS646 

Ot 

0 ^ 

ns 

’LS648 

0 t 

0 t 

'oh 

High-level output current 

-12 

-15 

mA 

'OL 

Low-level output current 

12 

24 

mA 


t i The arrow indicates the transition of the clock input used for reference. 1 for the low-to-high transitions, i for the high-to-low transitions. 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.7 

0.8 

V 

V|H 

High-level input voltage 


2 

2 

V 

V|C 

Input clamp voltage 

Vqq=MIN 

l| = -18 mA 

-1.5 

-1.5 

V 

AVt 

Hysteresis {Vj+-Vj_ ) 

Vqq = MIN 

0.1 0.4 

0.2 0.4 

V 

l|L 

Low-level input current 

Vqq = MAX 

Vj= 0.4 V 

-0.4 

-0.4 

mA 

l|H 

High-level input current 

Vqq = MAX 

V|= 2.7 V 

20 

20 

mA 

l| 

Maximum input 
current 

A or B 

Vcc= MAX 

V|= 5.5 V 

0.1 

0.1 

mA 

All others 

V| = 7 V 

o 

> 

Low-level output voltage 

Vqq = MIN 
V|. =MAX 
^IH 

IqL =12 mA 

0.25 0.4 

0.25 0.4 

V 

•OL = 24 mA 


0.35 0.5 . 

VqH 

High-level output voltage 

Vqq = MIN 
V|| =MAX 
V,H =2V 

Iqh 

2.4 3.4 

2.4 3.4 

V 

lOH = max 

2 

2 

•OZL 

Off-state output current 

<<< 

II II II 

<>> 

XX 

Vq = 0.4 V 

-400 

-400 

mA 

'OZH 

Vo = 2.7V 

20 

20 

mA 

'os 

Output short-circuit current* 

Vqq= M.AX 

-40 -225 

-40 -225 

mA 

'cc 

Supply current 

'^CC- 

MAX 

’LS- 

646 

Outputs High 

145 

145 

mA 

Outputs Low 

165 

165 

Outputs Disabled 

165 

165 

’LS- 

648 

Outputs High 

145 

145 

Outputs Low 

165 

165 

Outputs Disabled 

165 

165 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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SN54/74LS646 SN54/74LS648 


Switching Characteristics Vcc = s v, = 25° c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load/Waveforms) 

’LS646 

MIN MAX 

’LS648 

MIN MAX 

UNIT 

tpLH 

Data to output delay 

C|_ = 45pF R|_ = 6670 

18 

18 

ns 

tpHL 

20 

25 

ns 

¥lh 

Clock to output delay 

25 

25 

ns 

tpHL 

35 

40 

ns 

*PLH 

Select to output delay 
(data input High) 

40 

55 

ns 

‘PHL 

35 

40 

ns 

¥lh 

Select to output delay 
(data input Low) 

50 

40 

ns 

_J 

I 

25 

40 

ns 

¥zl 

Output enable delay 

65 

55 

ns 

¥zh 

55 

50 

ns 

¥lz 

Output disable delay 

a 

CD 

CD 

II 

DC 

LL 

Q. 

in 

_J 

0 

35 

35 

ns 

^PHZ 

35 

45 

ns 

_j 

N 

CL 

Direction enable delay 

Cl = 45pF R|_ = 6670 

60 

45 

ns 

¥zh 

45 

40 

ns 

N 

—I 

CL 

Direction disable delay 

C|_ = 5pF R|_ = 6670 

30 

30 

ns 

¥hz 

30 

35 

I 

ns 


Switching Characteristics Over Operating Range 




TEST CONDITIONS 

(See Test Load/Waveforms) 

MIL 

COM 


SYMBOL 

PARAMETER 

’LS646 
MIN MAX 

’LS648 
MIN MAX 

’LS646 
MIN MAX 

’LS64d 
MIN MAX 

UNIT 

tpLH 

Data to output delay 


25 

18 

25 

18 

ns 

tpHL 


25 

25 

25 

25 

ns 

•PLH 

Clock to output delay 


28 

25 

28 

25 

ns 

•PHL 


35 

40 

35 

40 

ns 

¥lh 

Select to output delay t 

Cl = 45pF Rl = 6670 

40 

55 

40 

55 

ns 

¥hl 

(data input High) 

35 

40 

35 

40 

ns 

*PLH 

Select to output delay t 


50 

40 

50 

40 

ns 

*PHL 

(data input Low) 


30 

40 

30 

40 

ns 

'PZL 

Output enable delay 


65 

55 

65 

55 

ns 

*PZH 


55 

50 

55 

50 

ns 

*PLZ 

Output disable delay 

Cl = 5pF Rl = 6670 

45 

35 

45 

35 

ns 

'PHZ 

45 

50 

45 

50 

ns 

<PZL 

Direction enable delay 

Cl= 45 pF Rl =6670 

60 

45 

60 

45 

ns 

¥zh 

45 

40 

45 

40 

ns 

•PLZ 

Direction disable delay 

Cl= 5 pF Rl = 6670 

40 

30 

40 

30 

ns 

¥hz 

45 

45 

45 

45 

ns 


t See Figure 4. 
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SN54/74LS647 SN54/74LS649 


Absolute Maximum Ratings 

Supply voltage, Vqq 7.0 V 

Input voltage, 7.0 v 

Off-state output voltage 5.5 V 

Storage temperature -65° to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILiTARY 

MiN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free air temperature 

-55 125 

0 75 

°c 

‘w 

Width of clock 

High 

20 

20 

ns 

Low 

20 

20 

^su 

Setup time 

’LS647 

20 t 

20! 

ns 

’LS649 

20! 

20! 

th 

Hold time 

’LS647 

0! 

0! 

ns 

’LS649 

0! 

0! 

Vqh 

High-level output voltage 

5.5 

5.5 

V 

■OL 

Low-level output current 

12 

24 

mA 


I i The arrow indicates the transition of the clock input used for reference, t for the low-to-high transitions. \ for the high-to-low transitions. 


Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.7 

0.8 

V 

V|H 

High-levelinput voltage 


2 

2 

V 

'^IC 

Input clamp voltage 

Vcc=MIN 

l| = -18 mA 

-1.5 

-1.5 

V 

A Vj 

Hysteresis (Vj+-Vj_ ) 

Vqq=MIN 


p 

o 

0.2 0.4 

V 

l|L 

Low-level input current 

Vcc=MAX 

V| = 0.4 V 

-0.4 

-0.4 

mA 

l|H 

High-level input current 

Vcc=MAX 

V|= 2.7 V 

20 

20 

mA 

l| 

Maximum input 
current 

Aor B 

Vcc=MAX 

V|= 5.5 V 

0.1 

0.1 

mA 

All others 

_< 

II 

< 

VoL 

Low-level output voltage 

Vqq= min 
V iL =MAX 
V|H =2V 

Iql “ "^2 mA 

0.25 0.4 

0.25 0.4 

V 

Iql 24 mA 


0.35 0.5 

'oh 

High-level output current 

Vqq= MIN 
V|L =MAX 
V|H =2V 

Voh = 5.5V] 

100 

100 

mA 

'cc 

Supply current 

Vcc= 

MAX 

’LS- 

647 

Outputs High 

130 

130 

mA 

Outputs Low 

150 

150 

Outputs Disabled 

150 

150 

’LS- 

649 

Outputs High 

130 

130 

Outputs Low 

150 

150 

Outputs Disabled 

150 

150 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Switching Characteristics Vqc = & v, = 25° c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load/ Waveforms) 

’LS647 

MIN MAX 

’LS649 

MIN MAX 

UNIT 

¥lh 

Data to output delay 

Cl = 45pF RL= 667n 

26 

25 

ns 

^PHL 

27 

30 

ns 

¥lh 

Clock to output delay 

35 

30 

ns 

¥hl 

45 

45 

ns 

^PLH 

Select to output delayf 
(data input High) 

50 

55 

ns 

'PHL 

45 

45 

ns 

^PLH 

Select to output delayf 
(data input Low) 

60 

45 ' 

ns 

tpHL 

30 

40 

ns 

¥lh 

Output enable delay 

40 

40 

ns 

I 

CL 

50 

50 

ns 

¥lh 

Direction enable delay 

35 

30 

ns 

tpHL 

40 

45 

ns 


I 


Switchi ng Characteristics Over Operating Range 




TEST CONDITIONS 

(See Test Load/Waveforms) 

MIL 

COM 


SYMBOL 

PARAMETER 

’LS647 
MIN MAX 

’LS649 
MIN MAX 

’LS647 
MIN MAX 

’LS649 
MIN MAX 

UNIT 

tpLH 

Data to output delay 


32 

35 

32 

35 

ns 

^PHL 


27 

30 

27 

30 

ns 

^PLH 

Clock to output delay 


35 

40 

35 

40 

ns 

^PHL 


45 

45 

45 

45 

ns 

tpLH 

Select to output delayf 


50 

55 

50 

55 

ns 

¥hl 

(data input High) 

Cl=45pF RL= 667n 

45 

45 

45 

45 

ns 

‘PLH 

Select to output delayf 

60 

50 

60 

50 

ns 

^PHL 

(data input Low) 


30 

40 

30 

40 

ns 

X 

_J 

CL 

Output enable delay 


40 

45 

40 

45 

ns 

¥hl 


50 

50 

50 

50 

ns 

tpLH 

Direction enable delay 


40 

45 

40 

45 

ns 

¥hl 


40 

45 

40 

45 

1 

ns 


■f See Figure 4. 
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Enable/Disable/Direction-Change Delay 




£ 





WAVEFORM 2 gl open S2 closed^ 

(SEE NOTEC) ^ OV 


-3V 

■ OV 


Figure 5 


Test Loads 



_L (SEE NOTE A) 


Load Circuit For 
Open-Collector Outputs 



The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


Notes: A. Cl includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

C. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

D. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

E. All input pulses are supplied by generators having the following 
characteristics: PRR < 1 MHz. ZquT 50 fl and tp = 15 ns tp < 6 ns. 

F. When measuring propagation delay times of three-state outputs, 
switches SI and S2 are closed. 
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8-Bit Bus Front-Loading-Latch 
Transceivers 

SN54/74LS651 SN54/74LS652 

SN54/74LS653 SN54/74LS654 


Features/Benefits 

• Bidirectional bus transceivers and registers 

• Independent registers for A and B buses 

• Real-time data transfer or stored data transfer 

• Simultaneous outputs on both buses 

• 24-pin SKINNYDIP® saves space 

• 8-bit data path matches byte boundaries 

• Three-state or open-collector outputs drive bus lines 

• ’LS653/4 are open-collector in A direction, 
three-state in B direction 

Description 

These 8-bit bus transceivers with 3-state (’LS651, ’LS652) or 
open-collector (’LS653, ’LS654) outputs have 1 6 D-type flip-flops 
and multiplexers. The bus-oriented pinout of the parts is shown 
in the Pin Configuration. The internal gate-level hardware 
configurations for the ’LS651/653 and ’LS652/654 are given in 
their respective Logic Diagrams. The basic repeated element, 
consisting of an edge-triggered flip-flop paralleled with a by- 
passing path or “feed-through” into a two-way mux, is some- 
times called a “front-loading latch.” 

A pair of multiplexers are used to distribute two bytes of data 
through the part. The data-routing combinations offered by the 
multiplexers provide flexibility in directing data to or from either 
bus, and/or either register. Data is loaded into registers A or B 
upon the rising edge of the appropriate clock signals. CKA clocks 
register A, which receives data from the B bus directly at its inputs. 

Pin Configurations 

’LS651/652/653/654 

8-Bit Bus Front-Loading-Latch Transceivers 



Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

POLARITY 

OUTPUTS 

POWER 

SN54LS651 

JS,W,L* 

Mil 

Invert 

Three-state 

LS 

SN74LS651 

NS,JS, 
NL (28) 

Com 

Invert 

Three-state 

LS 

SN54LS652 

JS,W,L* 

Mil 

Noninvert 

Three-state 

LS 

SN74LS652 

NS,JS, 
NL (28) 

Com 

Non invert 

Three-state 

LS 

SN54LS653 

JS,W,L* 

Mil 

Invert 

A bus open- 
collector; 

B bus 

LS 

SN74LS653 

NS,JS, 
NL (28) 

Com 

Invert 

LS 

SN54LS654 

JS,W,L* 

Mil 

Non invert 

LS 

SN74LS654 

NS,JS, 
NL (28) 

Com 

Noninvert 

illlww OlCllw 

LS 


* L package here is L28. The other packages are 24-pin. 


Similarly, CKB clocks register B, which has the A bus available 
directly at its inputs. Control of the multiplexers is provided by 
two select lines (one per register), SRA and SRB. Com mand of 
the outputs is performed by two enable lines, GAB and GBA. 

When GAB is Low and GBA is High, d ata fr om the buses can be 
loaded into registers A and B. When GBA is Low, the A bus is 
configured for output. When GAB is High, the B bus is configured 
for output. The A and B buses can be enabled at the same time, to 
operate as outputs simultaneously. 


SRA is used to select between register A and the B bus, and then 
to route the data to a controlled buffer connected to the A bus. 
Likewise, SRB selects between register B and the A bus, and 
then routes the data to the B bus through a controlled buffer. 


FimnrnRFiisi 


E 

E 

E 

E 

E 

Qo 

E 


GAB SRB CKB NC VCC CKA SRA 


AO 


GBA 


A1 


BO 


A2 

SN74LS651 

B1 



SN74LS652 



NC 

SN74LS653 

NC 

A3 

SN74L3654 

B2 


A4 


B3 


A5 


B4 



A6 A7 GNO NC B7 B6 B5 


Il2j|l3j|l^|l^|l6j|17j|18j 
Plastic Chip Carrier 


SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 

21 75 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54/74LS651 SN54/74LS652 SN54/74LS653 SN54/74LS654 


Logic Diagrams 


’LS652/654 (Non-inverting) 



TO 7 OTHER CHANNELS 

For the ’LS652 devices, the A bus outputs are 3-state. 

For the ’LS654 devices, the A bus outputs are open-collector. 
The B bus outputs are 3-state for both devices. 


’LS651/653 (Inverting) 



TO 7 OTHER CHANNELS 

For the ’LS651 devices, the A bus outputs are 3-state. 

For the ’LS653 devices, the A bus outputs are open-collector. 
The B bus outputs are 3-state for both devices. 
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SN54/74LS651 SN54/74LS652 SN54/74LS653 SN54/74LS654 


Block Diagrams 


’LS652/654 (Non-Inverting) ’LS651/653 (Inverting) 


ABUS ABUS 



B BUS B BUS 


* For the ’LS651/652 devices, the A bus outputs are 3-state. 

For the ’LS653/654 devices, the A bus outputs are open-collector. 
The B bus outputs are 3-state for both devices. 


Function Table 
Nomenclature Description 

GAB: To enable the A-to-B operation. 
GBA: To enable the B-to-A operation. 


GAB 

GBA 

OPERATION DIRECTION 

L 

L 

BtoA 

L 

H 

A and B buses both are inputs (storage) 

H 

L 

A and B buses both are outputs 
(Transfer stored data to bus) 

H 

H 

A to B 


SRA/SRB: To select the output data coming from the A/B 
register if SRA/SRB is High level; otherwise, directly 
from the Input data bus. 

A0-A7: Eight Input/output pins on the A side. 

B0-B7: Eight input/output pins on the B side. 

CKA/CKB: Clock for Register A/B. 

X: H or L state Irrelevant (“Don’t Care” conditions). 

t: Positive edge of CK causes clocking, if clocking 

enable Is asserted. 

UC: H or L or i case (nonclocked operation). 

RGTR: Register. 
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Bus Operation for ’LS651 /653 
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Bus Operation for ’LS652/654 
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SN54/74LS651 SN54/74LS652 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


. . . . -0.5 V to 7 V 
.... -1.5 V to 7 V 
.. -0.5 V to 5.5 V 
-65°Cto +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 6.5 

4.75 5 5.25 

V 

Ta 

Operating free air temperature 

-55 125 

0 75 

°c 

‘w 

Width of clock 

High 

20 

20 

ns 

Low 

20 

20 

^su 

Setup time 

’LS651 

20 t 

20 r 

ns 

’LS652 

20 t 

20 t 


Hold time 

’LS651 

Ot 

Ot 

ns 

’LS652 

Of I 

Ot 

'oh 

High-level output current 

-12 

-15 

mA 

'OL 

Low-level output current 

12 

24 

mA 


t I The arrow indicates the transition of the clock input used for reference, t for the low-to-high transitions. 1 for the high-to-low transitions. 


Eiectrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 
MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.7 

0.8 

V 

V|H 

High-level Input voltage 


2 

2 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| = -18 mA 

-1.5 

-1.5 

V 

l|L 

Low-level input current 

Vqq = MAX 

V| = 0.4 V 

-0.4 

-0.4 

mA 

l|H 

High-level Input current 

Vqq = MAX 

V|= 2.7 V 

20 

20 

ijlA 

l| 

Maximum input 
current 

A or B 

Vqq = MAX 

V| = 5.5 V 

0.1 

0.1 

mA 

All others 

Vj = 7 V 

o 

> 

Low-level output voltage 

Vqq = MIN 
V|L =MAX 
V|H =2V 

Iql " 12 mA 

0.25 0.4 

0.25 0.4 

V 

lOL = 24 mA 


0.35 0.5 

I 

o 

> 

High-level output voltage 

Vqq = MIN 
V|L =MAX 
V|H =2V 

Iqh = -3 mA 

2.4 3.4 

2.4 3.4 

V 

ioh = max 

2 

2 

'OZL 

Off-state output current 

II II II 

<>> 

XX 

Vq = 0.4 V 

-400 j 

-400 

IxA 

'OZH 

Vo = 2.7V 

20 

20 

mA 

IqS 

Output short-circuit current* 

Vcc = MAX 

-40 -225 

-40 -225 

mA 

Ice 

Supply current 

Vcc= 

MAX 

’LS- 

651 

Outputs High 

145 

145 

mA 

Outputs Low 

165 

165 

Outputs disabled 

165 

165 

’LS- 

652 

Outputs High 

145 

145 

Outputs Low 

165 

165 

Outputs disabled 

165 

165 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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SN54/74LS651 SN54/74LS652 


Switching Characteristics v^c = s v, = 25°c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load/Waveforms) 

’LS651 

MIN MAX 

’LS652 

MIN MAX 



UNIT 

^PLH 

Data to output delay 

C|_ = 45pF RL = 667n 

15 

15 

ns 

‘PHL 

15 

20 

ns 

‘PLH 

Clock to output delay 

20 

20 

ns 

•PHL 

30 

30 

ns 

‘PLH 

Select to output delay t 
(data input High) 

35 

35 

ns 

•PHL 

20 

25 

ns 

tpLH 

Seiect to output delay f 
(data input Low) 

35 

35 

ns 

Vhl 

30 

20 

ns 

N 

Q. 

GBAto 

A bus output enable delay 

25 

25 

ns 

*PZH 

20 

20 

ns 

<PLZ 

GBA to 

A bus output disable delay 

Cl = 5pF Rl - 667ft 

25 

25 

ns 

<PHZ 

35 

35 

ns 

‘PZL 

GAB to 

B bus output enable delay 

Cl = 45pF Rl = 667ft 

30 

30 

ns 

‘PZH 

25 

25 

ns 

*PLZ 

GAB to 

B bus output disable delay 

Cl “ 5pF Rl = 667ft 

25 

25 

ns 

*PHZ 

35 

35 

ns 


See Figure 4. 


Switching Characteristics over operating Range 




TEST CONDITIONS 

(See Test Load/Waveforms) 

MIL 

COM 


SYMBOL 

PARAMETER 

’LS651 
MIN MAX 

’LS652 
MIN MAX 

’LS651 
MIN MAX 

’LS652 
MIN MAX 

UNIT 

*PLH 

Data to output delay 


— 

20 

20 

15 

20 

ns 

‘PHL 



20 

25 

17 

22 

ns 

*PLH 

Clock to output delay 



25 

25 

22 

22 

ns 

‘PHL 



35 

35 

30 

30 

ns 

•PLH 

Select to output delay t 

Cl = 45pF 

Rl = 667ft 

40 

40 

35 

35 

ns 

'PHL 

(data input High) 

25 

30 

25 

28 

ns 

‘PLH 

Seiect to output delay t 



40 

40 

35 

35 

ns 

*PHL 

(data input Low) 



35 

25 

30 

22 

ns 

*PZL 

GBAto 



30 

30 

25 

25 

ns 

*PZH 

A bus output enable delay 



25 

25 

20 

20 

ns 

*PLZ 

GBAto 

Cl = 5pF 

Rl = 667ft 

35 

30 

30 

28 

ns 

•PHZ 

A bus output disable delay 

40 

45 

40 

40 

ns 

^PZL 

GAB to 

Cl = 45pF 

Rl = 667ft 

35 

35 

30 

32 

ns 

•pZH 

B bus output enable delay 

30 

30 

25 

25 

ns 

*PLZ 

GAB to 

Cl = 5pF 

Rl = 667ft 

35 

35 

30 

30 

ns 

*PHZ 

B bus output disable delay 

40 

45 

35 

40 

ns 


■f' See Figure 4. 


MontMhIe iSlHIl Memories 


13-53 












SN54/74LS653 SN54/74LS654 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 


. . . . -0.5 V to 7 V 
.... -1.5 Vto7V 
.. -0.5 V to 5.5 V 
-65°Cto +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free air temperature 

-55 125 

0 75 

°c 

tw 

Width of clock 

High 

20 

20 

ns 

Low 

20 

20 

^su 

Setup time 

’LS653 

20! 

20! 

ns 

’LS654 

20! 

20! 

<h 

Hold time 

’LS653 

0! 

0! 

ns 

’LS654 

0! 

0! 

I 

o 

> 

High-level output voltage (A bus only) 

5.5 

5.5 

V 

'oh 

High-level output current (B bus only) 

-12 

-15 

mA 

'OL 

Low-level output current 

12 

24 

mA 


! i The arrow indicates the transition of the clock input used for reference, t for the low-to-high transitions, 1 for the high-to-low transitions. 
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SN54/74LS653 SN54/74LS654 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 


Low-level input voltage 


0.7 

0.8 

V 

V|H 

High-level input voltage 


2 

2 

V 

V|C 

Input clamp voltage 

Vcc = MIN 

l| = -18mA 

-1.5 

-1.5 

V 

l|L 

Low-level input current 

Vcc = MAX 

V,= 0.4V 

-0.4 

-0.4 

mA 

l|H 

High-level input current 

Vcc = MAX 

V,= 2.7 V 

20 

20 


l| 

Maximum input 
current 

AorB 

Vcc = IVIAX 

V,= 5.5 V 

0.1 

0.1 

mA 

All others 

V| = 7 V 

Vql 

Low-level output voltage 

Vqq = MIN 
V|L =MAX 
V|H =2V 

•OL “ ^2 mA 

0.25 0.4 

0.25 0.4 

V 

•OL = 24 mA 


0.35 0.5 

VoH 

High-level output voltage 
(B bus only) 

Vqq = MIN 
V|1_ =MAX 
V|H =2V 

•oh = "3 mA 

2.4 3.4 

2.4 3.4 

V 

\ oh=max 

2 

2 

•oh 

High-level output current 
(A bus only) 

V0q = MIN 
V|L =MAX 
V|H =2V 

Voh = 5.5V 

100 

100 

mA 

'OZL 

Off-state output current 
(B bus only) 

Vcc = IVIAX 
V|L =MAX 
V|H =2V 

VO-0.4V 

-400 

-400 

mA 

'OZH 

Vp = 2.7V 
(B bus only) 

20 

20 

>A 

'os 

Output short-circuit current* 

(B bus only) 

Vcc=IVIAX 


-40 -225 

-40 -225 

mA 

•cc 

Supply current 

Vcc= 

MAX 

’LS- 

653 

Outputs High 

145 

145 

mA 

Outputs Low 

165 

165 

Outputs disabled 

165 

165 

’LS- 

654 

Outputs High 

145 

145 

Outputs Low 

165 

165 

Outputs disabled 

165 

1 165 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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SN54/74LS653 SN54/74LS654 


Switching Characteristics Vcc = s v, Ta = 25 °c 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 

(See Test Load/ Waveforms) 

’LS653 

MIN MAX 

’LS654 

MIN MAX 

UNIT 

*PLH 

Data to A bus output delay 

Cl = 45pF RL=667a 

25 

25 

ns 

*PHL 

20 

25 

ns 

‘PLH 

Data to B bus output delay 

15 

15 

ns 

‘PHL 

15 

20 

ns 

*PLH 

Clock to A bus output delay 

30 

30 

ns 

•PHL 

30 

30 

ns 

•PLH 

Clock to B bus output delay 

20 

20 

ns 

‘PHL 

30 

30 

ns 

‘PLH 

Select to A bus f 

output delay (data input High) 

45 

45 

ns 

‘PHL 

25 

30 

ns 

‘PLH 

Select to A bus t 

output delay (data input Low) 

40 

45 

ns 

‘PHL 

30 

25 

ns 

^PLH 

Select to B bus t 

output delay (data input High) 

35 

35 

ns 

tpHL 

25 

25 

ns 

‘PLH 

Select to B bus t 

output delay (data input Low) 

35 

35 

ns 

'PHL 

30 

20 

ns 

'PLH 

GBAto 

A bus output enable delay 

35 

35 

ns 

tpHL 

25 

30 

ns 

*PZL 

GAB to 

B bus output enable delay 

30 

30 

ns 

‘PZH 

25 

25 

ns 

*PLZ 

GAB to 

B bus output disable delay 

C|_ = 5pF Rl = 6670 

, 

25 

25 

ns 

‘PHZ 

35 

35 

ns 


* For A bus, the test load will refer to the open-collector test load. See Figure 6. 

For B bus, the test load will refer to the three-state test load. See Figure 7. 
f See Figure 4. 
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SN54/74LS653 SN54/74LS654 


Switching Characteristics over operating Range 




TEST CONDITIONS* 

(See Test Load/Waveforms) 

MIL 

COM 


SYMBOL 

PARAMETER 

’LS653 
MIN MAX 

’LS654 
MIN MAX 

’LS653 
MIN MAX 

’LS654 
MIN MAX 

UNIT 

*PLH 

Data to A bus output delay 


30 

30 

28 

30 

ns 

*PHL 


25 

30 

23 

28 

ns 

*PLH 

Data to B bus output delay 


20 

20 

18 

18 

ns 

•PHL 


20 

25 

18 

20 

ns 

tpLH 

Clock to A bus output delay 


40 

40 

35 

35 

ns 

tpHL 


40 

40 

35 

35 

ns 

tpLH 

. . 

Clock to B bus output delay 


25 

25 

23 

23 

ns 

tpHL 


35 

35 

30 

30 

ns 

^PLH 

Select to A bus output t 


50 

50 

45 

48 

ns 

‘PHL 

delay (data input High) 

Cl = 45pF RL = 667n 

30 

40 

25 

35 

ns 

*PLH 

Select to A bus output f 

45 

55 

43 

50 

ns 

*PHL 

delay (data input Low) 


35 

30 

30 

28 

ns 

¥lh 

Select to B bus output f 


40 

35 

35 

35 

ns 

^PHL 

delay (data input High) 


25 

35 

25 

30 

ns 

tpLH 

Select to B bus output t 


40 

45 

35 

40 

ns 

^PHL 

delay (data input Low) 


35 

25 

30 

23 

ns 

‘PLH 

GBAto 


40 

35 

35 

35 

ns 

•PHL 

A bus output enable delay 


30 

40 

28 

35 

ns 

tpZL 

GAB to 


35 

35 

30 

33 

ns 

•PZH 

B bus output enable delay 


30 

30 

25 

28 

ns 

^PLZ 

GAB to 

Cl^SpF RL = 667n 

35 

35 

30 

30 

ns 

¥hz 

B bus output disable delay 

40 

45 

38 

40 

ns 


* For A bus, the test load will refer to the open-collector test load. See Figure 6. 

For B bus, the test load will refer to the three-state test load. See Figure 7. 

■f See Figure 4. 
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Figure 1. 


Figure 2. 





Figure 4 


NOTES; 1. When SRA/SRB is low, the input data will transfer to output bus. 

2. When SRA/SRB is high, the data of register will transfer to output bus. 

3. For the inverting devices, the timing is similar, but the output is opposite to that for the non-inverting devices. 





SN54/74LS651 SN54/74LS652 SN54/74LS653 SN54/74LS654 


Enable/Disable Delay 



Figure 5 


Test Loads 



TEST POINT* 0 1 


4 CL 

(SEE NOTE A) 


Load Circuit For 
Open-Coilector Outputs 


vcc 



Load Circuit For 
Three-State Outputs 


* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


Notes: A. Ci_ includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

C. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

D. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

E. All input pulses are supplied by generators having the following 
characteristics: PRR < 1 MHz. Zqut “ 50 fl and tp = 15 ns tp < 6 ns. 

F. When measuring propagation delay times of three-state outputs, 
switches S1 and S2 are closed. 
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8-Bit Two-Stage Pipelined 
Register/ Latch 

SN54/74LS548 SN54/74LS549 


Feature/ Benefits 

• Two 8-bit high-speed registers/latches 

• Faster than other LS-TTL registers/latches 

• Three-state outputs drive bus lines 

• 24-pin SKINNYDIP® saves space 

• 8-bit data path matches byte boundaries 

• Multiplexer selects either rank at input /output 

• Output can drive bus directly: Iq^ 32 mA (com), 24 mA (mil) 

• Registers/latches configurable for nose-to-tail or side-by- 
side operation 

• individual clock/gate enables for each rank 


Applications 

• Registers for pipelined arithmetic units or digital signal 
processors 

• Bus monitor for popular 8-bit microprocessors to restart 
instructions upon virtual memory page fault 

• Video display character/attribute pipelined registers 

• Sequence/state generator for systems: dual-rank registers/ 
latches allow storing a backup previous state for 
redundancy, or diagnostics 

• Two-stage buffer for pipelined interfacing input/output 

Description 

The 54/74LS548 and 54/74LS549 contain a pair of high-speed 
8-bit registers (’LS548) or latches (’LS549) which perform var- 
ious pipeline storage functions. Two control pins govern a pair 
of internal multiplexers, as shown in the block diagrams; using 
these, several useful data paths can be configured. The input 
selection multiplexer determines the source of data to the second 
register/latch, as controlled by the INSEL line. In this way, data 
from either the D7-D0 inputs, or the outputs of the first register/ 
latch, are stored in the second register/latch. The output selec- 
tion multiplexer determines the source of data that will be sent to 


the outputs Y7-Y0. This multiplexer is controlled by the OUTSEL 
line, and allows either the first or second register/latch data to be 
output. The outputs are fully buffered, provide high-drive cur- 
rent, and allow three-state control through the OE line. 


Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

TYPE 

POWER 

SN54LS548 

JS,W,L(28) 

Mil 

Register 

LS 

SN74LS548 

NS,JS,NL(28) 

Com 

Register 

LS 

SN54LS549 

JS,W,L(28) 

Mil 

Latch 

LS 

SN74LS549 

NS,JS,NL(28) 

Com 

Latch 

LS 


The arrangement of registers/latches within the ’LS548/’LS549 
can be thought of a two 8-bit storage ranks, rank 1 and rank 2. 
The ’LS 548 ha s a c ommo n clock line CK, and separate clock 
enables CKE1 and CKE2 for rank 1 and rank 2 respectively. 
In contrast, the ’LS549 op^tes as a flow-through latch, and 
has separate latch enables G1 and G2 for each rank, as well as 
a common latch-enable input G. 

In the ’LS548, data present at the D 7-D0 in puts are stored in rank 
1 on the positive edge of CK, if CKE1 has been previously 
asserted. Data for rank 2 are stored similarly, if CKE2 is asserted 
prior to the clock. In the ’LS549, data pass through the latches 
when the latch controls (G1 or G2) for either rank are enabled 
simultaneously with the common latch enable G. Data remain in 
a rank when the latch controls are disabled, or ‘unassorted’. 

The clock/gate control lines are used with the INSEL and OUT- 
SEL controls for flexible data storage and movement operations. 
Two representative examples are shown in Figure 1 (a) and 1 (b). 
The first example is a classical 2-stage pipelined register, or 
‘nose-to-tair configuration. Data at D7-D0 are first stored in rank 
1, then stored in rank 2 on the next clock/gate. If the clock/gate 
enable for either rank becomes unassorted, then the previously- 
stored data are simply retained. In the second example, data at 
D7-D0 are stored in either or both ranks if the respective 
clock/gate enable signals are asserted. In this ‘side-by-side‘ 
configuration, data sent to the Y7-Y0 outputs are selected from 
either rank 1 or rank 2, under control of the OUTSEL line. 


SKINNYDIP® is a registered trademark of Monolithic Memories 


TWX: 910-33S-2376 

2175 Mission College Blvd. Santa Clara, C A 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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SN54/74LS548 SN54/74LS549 



S| OUTSEL 

^ ckE2 (^t) 

23^ r 


SN54/74LS549 23 Y1 


SN54/74LS548 


SN54/74LS549 


t For SN54/74LS549. 

Block Diagrams 


’LS548 

D7-D0 


/'INSEL 

CK NC VCC 

CKE2 1 

DO °‘'TSEL gg 

D1 


YO 

D2 

8>BIT BUS 

Y1 


TWO-STAGED 


NC 

PIPELINED 

NC 

D3 

REG/LATCH 

Y2 

D4 


Y3 

D5 


Y4 

D6 

D7 GND NC Y7 Y6 

Y5 


ii 


/iNSEL 

G1 G NC VCC 


DO 

OUTSEL ^ 

D1 


YO 

D2 

8-BiT BUS 

Y1 

NC 

TWO-STAGED 

PIPELINED 

NC 

D3 

REG/LATCH 

Y2 

D4 


Y3 

D5 


Y4 

D6 

D7 GND NC Y7 Y6 

Y5 


El 


Plastic Chip Carrier 



Plastic Chip Carrier 


;LS549 

D7-D0 



Typical Configurations 


Cl^l 

(G1) 



RANK1 
D Q 


RANK 2 
D Q 



CKE2 

1 



(G2) ° 



_Z] 







INSEL = L OUTSEL = L 

(a) Nose-to-Taii 


OE 



► Y7-Y0 
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SN54/74LS548 SN54/74LS549 


Function Table 
Description 

Rank 1-Q or Rank 2-Q 

D 

Y 

X 

Qo 

Z 

INSEL 

Nomenclature 

= Data available at the internal flip- 
flop/latch outputs for the 8 rank 1 or 
rank 2 reglsters/latches respectively. 

= Data at the DO-Dl input pins. 

= Data at the Y(>-Y7 output pins. 

= H or L state irrelevant (“don’t care” 
conditions) 

= Previous states of the internal 
register/latch data are retained. 

= Indicates that the Y0-Y7 outputs are 
in high-impedance state. 

= Input select mux control pin; deter- 
mines the source of input data for 
rank 2. 

INSEL 

RANK2 INPUT 

L 

Rank 1 

H 

D 

OUTSEL = 

Output select mux control pin; se- 
lects either rank 1 or rank 2 for 
output. 

OUTSEL 

OUTPUT 

L 

Rank 2 

H 

Rank 1 

OE = 

= Output enable pin. 

OE 

OUTPUT 

L 

Rank 1 or Rank 2 

H 

Hi-Z 


t = Positive edge of CK causes clocking, 
if clocking is enabled. 

CK = The common clock line for the 
54/74LS548. 

CKE1/CKE2 = Clock enable line for the rank 1/ 
rank 2 register in the 54/74LS548. 


CK 

CKEi 

CKE2 

RANK1 

RANK 2 

LorHorl 

X 

X 

Disabled 

Disabled 

t 

L 

L 

Enabled 

Enabled 

! 

L 

H 

Enabled 

Disabled 

f 

H 

L 

Disabled 

Enabled 

X 

H 

H 

Disabled 

Disabled 


G = The common latch control line for 
the54/74LS549. 

G1/G2 = Latch enable line for the rank 1/ 
rank 2 latch in the 54/74LS549. 


G 

G1 

G2 

RANK1 

RANK 2 

L 

L 

L 

Enabled 

(Flush) 



Enabled 

(Flush) 

L 

L 

H 

Enabled 

(Flush) 

Disabled 

(Freeze) 

L 

H. 

L 

Disabled 

(Freeze) 

Enabled 

(Flush) 

1 

L 

H 

H 

Disabled 

(Freeze) 

Disabled 

(Freeze) 

H 

X 

X 

Enabled 

(Flush) 

Enabled 

(Flush) 
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SN54/74LS548 SN54/74LS549 


Pin Configurations 

’LS548 ’LS549 




iEEE Symbols 


’LS548 


OE — 


INSEL - 
CKE2 - 


CKE1 - 


■a 


D1 - 
D2 - 
D3 - 
D4 ■ 
D5 - 


EN7 

M6 


G4 

»4C2 


G3 

> 3C1 


] 5, 2D 


6 t> 

le 


’LS549 


2 

G1 


T1 


D1 - 
D2 - 


D4 ■ 
D5 - 


EN5 

M4 


, LATCH/MUX 


LATCH 

>1 


3, 2D 


3, 2D 


4 > 

- 5V| 
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SN54/74LS548 SN54/74LS549 


Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage ... 

Storage temperatu re 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

''cc 

Supply voltage 

4.5 

5 5.5 

4.75 5 

5.25 

V 

Ta 

Operating free-air temperature 

-55 

125 

0 

75 

°C 



High 

’LS548 

CK 

15 

11 

ns 

»w 

Width of CK,G,G1,G2 

’LS549 

G 

Low 

’LS548 

CK 

15 

11 

ns 



’LS548 


18 

16 




’LS548 

CK 

201 

T5r''-''^' 


^SU 

Setup time for Data 


’LS549 

G 

101 

61 : : 

ns 




gT,^ 

171 

41' : 





’LS548 

CK 

01 

01 


‘h 

Hold time for Data 


’LS549 

G 

/121,.'... , 

101 

ns 




Gt,G2 

5l 

:5.^' 


WCKEX 

Setup time for clock enables CKE1, GKE2 (’LS548 only) 

151 

101 

ns 

th-CKEX 

Hold time for clock enable CKE1 , CKE2, (’LS548 only) 

81 

51 ■: 

ns 

WiNSEL 

Setup time for INSEL"* 

30 

25 

ns 

*h-INSEL 

Hold time for INSEL2 

0 

0 , ' 

ns 


NOTES; 1. This is the minimum setup time needed for INSEL priorto the rising edge of the clock/GX, and to the falling edge of the G, to ensure data transfer to 
rank 2. 

2. This is the minimum hold time needed for INSEL after the rising edge of the clock/GX, and to the falling edge of the G, to ensure data transfer to rank 2. 
11 the arrow indicates the transition of the clock/gate input used for reference: 

1 for the low-to-high transitions, 

1 for the high-to-low transitions. 


.... -0.5 V to 7 V 
.... -1.5 V to 7 V 
. . -0.5 V to 5.5 V 
-65°Cto+150°C 
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SN54/74LS548 SN54/74LS549 


Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

0.8 

V 

V|H 

High-level input voltage 


2.0 

2.0 

V 

V|C 

Input clamp voltage 

Vqo = MIN 

l| =-18mA 

-1.5 

-1.5 

V 

l|L 

Low-level input current 

Vcc = max 

V, =0.4V 

DorY 

-250 

-250 

mA 

All others 

-400 

-400 

•iH 

High-level input current 

Vcc = max 

V| =2.7V 

20 

20 

mA 

ii 

Maximum input 
current 

DorY 

Vcc = min 

Vi =5.5V 

0.1 

0.1 

mA 

All others 

V| =7V 

_i 

O 

> 

Low-level output voltage 

Vcc = MIN 
V||_ = MAX 
V|h=2V 

lOL 32 mA 


0.35 0.5 

V 

lOL = 24 mA 

0.5 


I 

o 

> 

High-level output voltage 

Vcc = min 
V||_ = MAX 
V|h=2V 

Iqh = -1 fTiA 

2.4 3.4 


V 

= -2.6 mA 


2.4 3.1 

•OZL 

Off-State output current 

Vcc = max 

ViL =MAX 
V|h=2V 

Vq =0.4V 

-20 

-20 

mA 

'OZH 

Vq = 2.7 V 

20 

20 

'os 

Output Short-circuit current* 

Vcc = max 

-30 -130 

-30 -130 

mA 

'cc 

Supply Current 

Vcc = max 
O utputs open 

’LS548 

150 

150 

mA 

’LS549 

160 

160 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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j 


I Switching Characteristics Vqc == s v, = 25 °c 


SYMBOL 

PARAMETER 

- . J 

TEST CONDITIONS 

(See Test Load/Waveforms) 

’LS548 

MIN MAX 

’LS549 

MIN MAX 

UNIT 

^MAX 

Maximum clock frequency 

C|_ = 45pF. RL = 280n 

L 

50 


MHz 

'PLH^tpHL 

CK, G1, or G2 to output delay 

18 

22 

ns 

•PLH^'PHL 

G to output delay (’LS549) 


23 

ns 

*PLH^*PHL 

Data D to output delay (’LS549) 


16 

ns 

*PLH^*PHL 

Output multiplexer control 
OUTSEL to output delay 

20 

20 

ns 

tpzL/tpzH 

Output enable delay 

Ci_ = 45pF, RL = 280n 

18 

18 

ns 

tpLZ/^PHZ 

Output disable delay 

C[_ = 5 pF, Rj_ = 280fl 

15 

15 

ns 


Switching Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test 

Load/ Wa vef orms) 

MIL 

COM 

UNIT 

’LS548 
MIN MAX 

’LS549 
MIN MAX 

’LS548 
MIN MAX 

’LS549 
MIN MAX 

^MAX 

Maximum clock frequency 


33 


45 



MHz 

^plh/^phl 

CK.^or'^ 
to output delay 

Ci_ = 45pF 

Rj_ = 280n 
OE=L 1 

25 

26 

20 

24 

ns 

‘PLH^'PHL 

G to output delay (’LS549) 


28 

, 

25 

ns 

tpLH/tpHL 

Data D to output 
delay (’LS549) 


24 


18 

ns 

tpLH/^PHL 

Output multiplexer control^ 
OUTSEL to output delay 

27 

27 

22 

22 

ns 

tpZL/tpZH 

Output enable delay 

C|_ = 45pF 

RL = 280a 

23 

23 

20 

20 

ns 

^PLZ/tpHZ 

Output disable delay 

Cl = 5pF 

Rl = 280n 

20 

20 

17 

17 ^ 

ns 
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SN54/74LS548 SN54/74LS549 


Standard Test Load 



^S2 


'LS548/549 Enable and Disable 


Load Circuit for Three-state Outputs 


* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


Notes: A. Cl includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

C. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

D. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

E. All input pulses are supplied by generators having the following 
characteristics: PRR < 1 MHz. Zqut = 50 fl and tp = 15 ns tp ^ 6 ns. 

F. When measuring propagation delay times of three-state outputs, 
switches SI and S2 are closed. 
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8-Bit Latch /Register 
with Readback 

SN54/74LS793 SN54/74LS794 


Features/Benefits 

• I/O port configuration enables output data back onto 
input bus 

• 8-bit data path matches byte boundaries 

• Ideal for microprocessor interface 


Description 

These 8-bit latches/registers are useful for I/O operations on a 
microprocessor bus. An image of the output data can be read 
back by the CPU. This operation is important in control algo- 
rithms which make decisions based on the previous status of 
output controls. Rather than storing a redundant copy of the 
output data in memory, simply reading the register as an I/O port 
allows the data to be retrieved from where it has been stored in 
an ’LS793/4, for verification and/or updating. 



The data is loaded in the registers on the low-to-high transition 
of the clock (CK), for the ’LS794. The data is passed through 
the ’LS793 when the gate, (G), is High, and it is “latched” when G 
changes to Low. The output enable, OE is used to enable data on 
D7-D0. When OE Is low the output of the latches/registers is 
enabled on D0-D7, enabling D as an output bus so that the host 
can perform a read operation. When OE is High, D7-D0are inputs 
to the latches/registers configuring D as an input bus. 

The output drive of these commercial parts for any output pin 
is Iql = 24 mA. 


Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

POLARITY 

TYPE 

POWER 

SN54LS793 

SN74LS793 

J,W,L, 

N,J,NL 

Mil 

Com 

Non- 

invert 

Latch 

LS 

SN54LS794 

SN74LS794 

J,W,L, 

N,J.NL 

Mil 

Com 

Register 


Logic Symbols 


’LS793 


’LS794 



GNDpoj 


’LS793 Function Table 


TWX: 910-338-2376 BflST) 

2175 Mission College Blvd. Santa Clara, CA 95054-1 592 Tet: (408) 970-9700 TWX: 910-338-2374 llVOffiOf*# OS ItUrUJ 
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G 

OE 

Q 

D 

L 

L 

Qo" 

Output, Q 

L 

H 


Input 

Ht 

L 

D* 

Output, Q* 

H 

H 

D 

Input 


* In this case the output of the latch feeds the input, and a “race” 
condition results. 

** Qq represents the previous “latched” state. 

t This transition is not a normal mode of operation and may produce hazards. 


’LS794 Function Table 


CK 

OE 

Q 

D 

L or H or i 

L 

Qo 

Output, Q 

Lor H or 1 

H 

Qo 

Input 

t 

L ■ 

Qo 

Output, Q* 

I 

H j 

D 

Input 


In this case the output of the register is clocked to the inputs and the overall 
Q output is unchanged at Qq. 
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SN54/74LS793 SN54/74LS794 


Absolute Maximum Ratings 

Supply voltage Vqq -0.5 V to 7 V 

Input voltage .-1.5 V to 7 V 

Off-state output voltage — • -0.5 V to 5.5 V 

Storage temperature -65° C to +1 50° C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

4.75 5 5.25 

V 

Ta 

Operating free air temperature 

-55 125 

0 75 

°c 

‘w 

Width of Clock/Gate 

High 

15 

15 

ns 

Low (’LS794only) 

15 

15 

^su 

Setup time 

’LS793 

15l 

lOi 

ns 

’LS794 

15l 

15t 

*h 

Hold time 

’LS793 

lOi ' 

10l 

■LS794 

Ot 

Ot 


t i The arrow indicates the transition of the clock/gate input used for reference, t for the low-to-high transitions, i for the high-to-low transitions. 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

VjL 

Low-level input voltage 


0.7 

0.8 

V 

V|H 

High-level input voltage 


2 

2 

V 

V|C 

Input clamp voltage 

Vqq = MIN 

l| = -18 mA 

-1.5 

-1.5 

V 

l|L 

Low-level input current 

Vcc=MAX 

V| =0.4V 

-250 

-250 

mA 

l|H 

High-level input current 

vcc = max 

V| =2.7V 

40 

40 

mA 

i| 

Maximum Input 
current 

DorQ 

Vcc = max 

V} =5.5V 

0.1 

0.1 

mA 

All others 

V| = 7 V 

VoL 

Low-level output voltage 

Vqq = MIN 
V|L =MAX 
V|H =2V 

Iql “ 12 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 24 mA 


0.35 0.5 

X 

o 

> 

High-level output voltage 

Vqq = MIN 
V|L = MAX 
ViH =2V 

Iqh = -1 mA 

2.4 3.4 


V 

Iqh " “2.6 mA 


2.4 3.1 

'OZL 

Off-state output current 

Vqq = MAX 
V|L =MAX 
V,H= =2V 

Vq = 0.4 V 

-250 

-250 

mA 

'OZH 

Vo = 2.7V 

40 

40 

'os 

Output short-circuit current* 

Vqq = MAX 

-30 -130 

-30 -130 

mA 

'cc 

Supply current 

Vqq = MAX 
Outputs open 

’LS793 

120 

120 

mA 

’LS794 

120 

120 


’ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
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SN54/74LS793 SN54/74LS794 


Switching Characteristics v^c = sv, = 25° c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Interface Test Load/Waveforms) 

’LS793 
MIN TYP 

MAX 

’LS794 

MIN TYP 

MAX 

UNIT 

^MAX 

Maximum clock frequency 


— 

35 50 

MHz 

•PLH 

Data to output delay 


12 

18 


ns 

^PHL 

Cl = 45pF Rl = 280 n 

12 

18 


ns 

*PLH 

Clock/gate to output delay 

17 

25 

9 

20 

ns 

^PHL 


12 

25 

14 

20 

ns 

^PZL 

Output enable delay t 


15 

20 

15 

20 

ns 

*PZH 


11 

20 

11 

20 

ns 

‘PLZ 

Output disable delayt 

Cl = 5pF Rl = 280 11 

8 

20 

8 

20 

ns 

^PHZ 

9 

20 

9 

20 

ns 


t For the ’LS793, G should remain LOW during these tests. 

’LS793 Timing Diagrams ’LS794 Timing Diagrams 




The case when gate is HIGH and data flows through the part is 

Test Loads 

FOR D OUTPUTS-ENABLE AND DISABLE 

TEST POINT FOR Di* 



FOR Q OUTPUTS 

TEST POINT FOR 01* 



specified as Data to Output delay in the Switching Characteristics table. (Vj = 1.3V). 

PULSE WIDTH 


The “TEST POINT” is drived by the output under test, 
and observed by instrumentation. 


HIGH-LEVEL 

PULSE 


LOW-LEVEL 

PULSE 


-K!LJ:i7r 


ENABLE AND DISABLE WAVEFORMS 



For the ’LS793, the latch control “G” should be low while testing 
the enable and disable times, so that the output (Q) does not 
change. (Vj = 1.3V). 

NOTES; A. Waveform 1 is for an output with internal conditions such that 
the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that 
the output is high except when disabled by the output control. 


KKonaHtMo ^^memoHma 
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8-Bit SERDE SN54/74S818 

Pipeline Register 


Features/Benefits 


Ordering Information 


• High drive capability. Iql = 32 mA (Com) 

• Alternate source to Am2981 8 

• Seriai-parallel/Parallel-serial pipeline register 

• Independent pathing and clocking controls 

• Expandable in multiples of 8 bits 

• Three-state outputs 

• PNP inputs for low-inputcurrent 

• 24-pin SKINNYDIP® saves space 

Applications 

• Universal interface element for systems using both seriai 
and parallel data formats 

• Seriai communication and peripheral interface 

• Microprogram control store output register 

• Serial-paraliel/Parallel-serial pipeline conversion 

• State machine feedback path isolation/diagnostics 

• Serial readback register 

Description 

The SN54/74S818 is an 8-bit serializing/deserializing pipeline 
register. It can also be used as a serial readback register as well 
as a diagnostic register. All of these configurations are expan- 
dable in multiples of eight bits. 

The 54/74S818 internally consists of a universal shift register 
and an 8-bit register. Its wide application results from a combina- 
tion of powerful Interconnection modes and independent clock- 
ing and pathing controls. It is ideally suited as a universal 
interface element involving both serial and parallel data formats. 

Function Table 


PART NUMBER 

PACKAGE 

TEMPERATURE 

SN74S818 

NS, JS, NL (28) 

Com 

SN54S818 

JS. W, L (28) 

Mil 



INPUTS 

OUTPUTS 

OPERATION 

SEE 

FIG. 

MODE 

SDl 

CLK 

DCLK 

B7-B0 

S7-S0 

SDO 

L 

X 

t 

* 

Bn *^ Dn 

HOLD 

S7 

Load output register from input bus 

1 

L 

X 

* 

t 

HOLD 

Sn— Sn-1 
SO — SDl 

S7 

Shift shadow register data 

2 

L 

X 

1 

\ 

Bn*»“ Dn 

Sn — Sn-1 
SO — SDl 

S7 

Load output register from input bus 
while shifting shadow register data 

1 &2 

H 

X 

t 

* 

Bn— Sn 

HOLD 

SDl 

Load output register from shadow register 

2,3.4 

H 

L 

* 


HOLD 

Sn — Bn 

SDl 

Load shadow register from output bus 

3 

H 

L 

t 

\ 

Bn — Sn 

Sn — Bn 

SDl 

Swap shadow register and output register 


H 

H 

* 

t 

HOLD 

HOLD 

SDl 

Enable D7-D0 as outputs for RAM write-back 

4 


* Clock must be steady or falling. 


SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage ..... 

Off-state output voltage 

Storage temperature 


. . . . -0.5 V to 7 V 
.... -1.5 V to 7 V 
.. -0.5 V to 5.5 V 
-65°Cto +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

COMMERCIAL 

UNIT 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Vcc 

Supply voltage 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Ta 

Operating free air temperature 

-55 


125 

0 


75 

‘’C 

‘w 

Width of CLK 

High 

15 

12 

ns 

Low 

15 

13 

ns 

^wd 

Width of DCLK 

High 

25 

20 

ns 

Low 

25 

20 

ns 

^SUC 

Setup time from MODE to CLK 

201 

17! 

ns 

^hc 

Hold time from CLK to MODE 

ot 

0! 

ns 

^sud 

Setup time from data to CLK 

21 t 

14! 

ns 

^hd 

Hold time from CLK to data 

Of 

0! 

ns 

^sudc 

Setup time from SDI, MODE to DCLK 

31 t 

20! 

ns 

^hdc 

Hold time from DCLK to SDI, MODE 

^ o;t, 

0! 

ns 

^sudq 

Setup time from output to DCLK 

25 t 

'i8! 

ns 

^hdq 

Hold time from DLCK to output 

2L 

0!' /'I 

ns 


! I The arrow indicates the transition of the clock/gate input used for reference: t for the low-to-high transitions, i for the high-to-low transitions. 
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Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MILITARY 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

0.8 

V 

V|H 

High-level Input voltage 


2 

2 

V 

V|C 

Input clamp voltage 

Vqq=MIN 

l| = -18 mA 

-1.2 

-1.2 

V 

l|L 

Low-level input current 

Vcc=MAX 

V| = 0.5 V 

-0.25 

-0.25 

mA 

l|H 

High-level input current 

Vcc=MAX 

V|= 2.7 V 

50 

50 

mA 

h 

Maximum input 
current 

DorB 

All 

others 

VcG = MAX 

V|=5.5V 

V|= 7V 

1 

1 

mA 

o 

> 

Low-level 
output voltage 

B7-B0 

SDO 

D7-D0 

Vqq=MIN 
V|L = MAX 
V|h=2V 

IOL=32mA 


0.5 

V 

Iql “ 24 mA 

0.5 


Iql = 8 it^A 


0.5 

Iql "" ^ fTiA 

0.5 


Vqh 

High-level 
output voltage 

B7-B0 

SDO 

D7-D0 

Vqq=MIN 
V||_ = MAX 
V|h = 2V 

Iqh ~ 8-8 mA 

IOH = -2nnA 

2.4 

2.4 

V 

'OZL 

Off-state 
output current 

. 

Vcc=MAX 
V|l = MAX 
V|h = 2V 

Vo = 0.5V 

-250 

-250 

mA 

'OZH 

Vo=2.4V 

50 

50 

mA 

'os 

Output short-circuit current* 

Vgc=MAX 

-40 -100 

-40 -100 

mA 

'cc 

Supply current 

Vgg = max. Outputs open 

115 155 

115 145 

mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
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Switching Characteristics Vcc = s v, ta = 25 °c 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Test Load/Waveforms) 

MIN MAX 

UNIT 

^MAX 

Maximum output clock frequency 

Cl = 50 pF Rl = 280n OE = L 

40 

MHz 

^MAXD 

Maximum diagnostic clock frequency 

Cascaded 

Cl= 50pF RL= 2Kn 

20 

MHz 

Uncascaded 

25 

*CLK 

CLK to output delay 

Cl = 50 pF Rl = 2800 OE = L 

14 

ns 

*SS 

SDI to SDO delay (MODE = HIGH) 

Cl=50pF Rl=2KO 

12 

ns 

*MS 

MODE to SDO delay 

17 

ns 

bs 

DCLK to SDO delay (MODE = LOW) 

28 

ns 

bEZL 

bEZH 

DCLK to D7-D0 enable delay 

Cl = 50 pF Rl = 2 KO 

25 

ns 

20 

ns 

bDLZ 

DCLK to D7-D0 disable delay 

Cl=5pF Rl=2KO 

36 

ns 

^DDHZ 

60 

ns 

be 

DCLK to CLK separation 

Cl=50pF RL=280n OE= L 

22 

ns 

'CD 

CLK to DCLK separation 

35 

ns 

bZL 

Output enable delay 

Cl=50 pF RL=280n 

19 

ns 

bZH 

13 

ns 

‘PLZ 

Output disable delay 

Cl=5pF RL= 280n 

12 

ns 

tpHZ 

22 

ns 


Switching Characteristics Over Operating Range 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Interface Test Load/Waveforms) 

MILITARY 
MIN MAX 

COMMERCIAL 
MIN MAX 

UNIT 

^MAX 

Maximum output clock frequency 

Cl = 50 pF Rl = 2800 OE = L 

33 

40 

MHz 

^MAXD 

Maximum diagnostic 
clock frequency 

Cascaded 

Cl=50pF RL = 2 Kn 

16 

20 

MHz 

Uncascaded 

20 

25 

bLK 

CLK to output delay 

Cl = 50 pF Rl = 2800 OE = L 

18 

14 

ns 

*SS 

SDI to SDO delay (MODE = HIGH) 

Cl = 50 pF Rl = 2 KO 

18 

15 

ns 

•ms 

MODE to SDO delay 

27 

18 

ns 

bs 

DCLK to SDO delay (MODE = LOW) 

38 

30 

ns 

bEZL 

DCLK to D7-D0 enable delay 

Cl =50pF Rl = 2KO ! 

35 

25 

ns 

bEZH 

30 

25 

ns 

bDLZ 

DCLK to D7-D0 disable delay 

Cl=5pF Rl=2KO 

45 

45 

ns 

bDHZ 

90 

80 

ns 

'DC 

DCLK to CLK separation 

Cl = 50 pF Rl = 280O 0E=L 

30 

30 

ns 

'CD 

CLK to DCLK separation 

45 

40 

ns 

*PZL 

Output enable delay 

Cl = 50 pF Rl = 2800 

25 

20 

ns 

bZH 

20 

15 

ns 

*PLZ 

Output disable delay 

Cl= 5 pF Rl= 2800 i 

20 

15 

ns 

bHZ 

30 

25 

ns 
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Enable/Disable Delay 



Test Load 


* The “TEST POINT” is drived by the output under test, 
and observed by instrumentation. 

NOTES; A. C|_ includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

C. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

D. In the examples above the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

E. All input pulses are supplied by generators having the following 
characteristics: PRR < 1 MHz Zout = 50n and 

for series 54/74S tp = 2.5 ns tp < 2.5 ns. 

F. When measuring propagation delay times of 3-state outputs, 
switches S1 and S2 are closed. 


vcc 




B7-B0 

D7-D0, SDO 

Ro 

1 m 

5Kn 
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Basics of Diagnostics 


The basic theory of diagnostics is to insert test data to the inputs 
of a typical system and sample the test results from certain 
nodes of the circuits. For a combinatorial circuit, testing is very 
easy since the circuit has no memory of the previous states. But 
fora sequential circuit, the data to be sampled at a node depends 
not only on the inputs, but also on the current state it is in. If the 
previous state contains some error, it will possibly perform an 
illegal jump. In that case, depending on which state the system is 
currently in, the next state may be different. After several illegal 
jumps, it will be quite impossible to keep track of the jumps 
which it performs. 


A way to solve the problem is by converting a sequential circuit 
to a combinatorial one. A sequential circuit can often be viewed 
as a network with a clock and a number of inputs and outputs, 
with some outputs being routed back to the inputs (see Figure 
5a). If the loop is broken and inputs which are fed back from the 
outputs are instead fed in from some external sources (see 
Figure 5b), the system can be viewed as combinatorial and 
system testing will be easier. The “shadow register” concept 
involves shifting in serial data to the hidden register (the shadow 
register) and then loading test data to the output register. 
Together with other system inputs, the test results will appear on 
the output end of the network and can be sampled and analyzed, 
and analysed. 



OUTPUTS 


Figure 5a. A typical digital system 



Figure 5b. The feedback of figure 5a is broken to convert the 
system to a non-sequentiai one 

Diagnostic On-Chip™ (DOC™) Using 
Shadow Register 

The diagnostic register is an 8-bit register with two levels of 
registers— a shadow register and an output register. A shadow 
register is basically a buried register with shift capability. There 
is also an output register whose outputs appear to the rest of the 
system. There is an output flipflop to each shadow flipflop. An 
output flipflop drives a three-state output buffer before going to 
the output pin. If the output is disabled, the output pin may be 
converted to an input pin. This feature is very important if the 
output is driving a bus and sampling of data on the bus is 
desired. 

The input to a bit of the shadow register is a multiplexer which 
can select from one of the following nodes: 


a) Output of the preceding bit of the shadow register (or SDI for 
the least significant bit). 

b) Output of the same bit of the shadow register. 

c) Data on the output pin of the same bit. This data may be the 
output of the corresponding bit of the output register if there is 
no output enable pin and the output is enabled, or the input to 
that pin if there is an output enable pin and output is disabled. 
Refer to Figure 6 for some general informatior^ on a typical 
diagnostic functional part with output enable (OE). 


INPUTS 


SDI 

DLCK 


OE 



OUTPUTS 

B LINES, BI-DIRECTIONAL 
(IF OUTPUT BUFFERS ARE 
THREE-STATE) 

Figure 6. A typical functional block diagram 
for a diaonostic nart 


The Input to any bit of the output register is also selected from 
one of the following nodes: 

a) Corresponding input bit. 

b) Corresponding output bit of the shadow register. 

The reasons why a shadow register is preferred, as compared to 
shifting in diagnostic data directly to the output register, are: 

a) The output register contains control signals for the system. 
Certain bits of this register may control different ports which are 
driving the same bus. As diagnostic data is shifted in, these bits 
become random and the ports they are controlling may drive a 
bus simultaneously. Invalid data may appear and worst of all, 
with a low-impedance path between the power supply, severe 
damage may be done to these ports. 

b) As a diagnostic word is shifted in, the system is performing 
different tasks from what it is supposed to do. For example, 
when an ALU is performing an addition, diagnostic data is 
shifted in. The ALU then performs some other functions. The 
status of the system keeps changing. In some cases. Illegal 
states may appear which produces unpredictable test results; 
for example, a flag may appear unpredictably. 

c) The shadow register enables diagnostic data to be shifted in 
as background data without holding up the processor operation. 
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The diagnostic register is one part in a series of diagnostic 
products which follows a new standard for diagnostics. The 
basic standard Is described in Figure 6 and the table on page one. 
This standard implies that all diagnostic parts in this series are 
cascadable. 

Diagnostic Pins 

There are several pins in the diagnostic register In addition to the 
regular 8-bit inputs and outputs: 

1 ) Diagnostic Clock (DCLK)— The diagnostic clock is used to 
clock the shadow register. 

2) MODE— This pin is used in selecting the data to the regis- 
ters. For the output register, MODE = LOW indicates that the 
output register is being used as a normal register; MODE = 
HIGH means that the next state of the output register will be 
obtained from the shadow register. For the shadow register, 
MODE = LOW indicates serial data from SDI (see below) is 
shifted in every diagnostic clock; MODE = HIGH switches SDI 
from a data input to a control input. See below for details. 

3) Serial Data In (SDI)— When MODE = LOW, this pin is for 
shifting serial data in. When MODE = HIGH, SDI serves as a 
control pin. If MODE = HIGH and SDI = LOW, data from the 
output pins will be loaded to the shadow register on the next 
DCLK. MODE = HIGH and SDI = HIGH indicate a reserved 
operation. The data from the diagnostic clock is held the same. 
This reserved operation will be very significant when more 
operations than what is described are needed. The diagnostic 
register gives an example of how it can be used. 

4) Serial Data Out (SDO)— When MODE= LOW, this pin carries 
the shift-out bit of the shadow register. When MODE = HIGH, 
the SDI becomes a control pin and the control signal should be 
passed along If several diagnostic parts are connected to- 
gether serially. So SDO shbuld carry SDI along in this case. 

Write-Back to RAMs 

Due to the applications of a diagnostic register in a writable 
microprogram control store, this part also includes an addi- 
tional feature to initialize the control RAMs; when necessary, the 
input data pins to the register can be operated as output 
pins. In short, a diagnostic register is an ‘asymmetric register 
transceiver’ with shift capability. The term ‘asymmetric register 
transceiver’ means that there are two bidirectional registered 
ports on a chip, and these ports are enabled with different 
methodologies and have different timings. One port is still 
primarily for inputs (D7-D0), while the other is primarily for 
outputs (B7-B0). 

When MODE and SDI are both HIGHS, the D7-D0 will be 
converted to an output port on the rising edge of the next 
DCLK by enabling the three-state buffers driving the D7-D0. 
The input for the three-state buffers is from the outputs of the 
shadow register (S7-S0). 


Applications 

This part can be used as a: microprogram control store register, 
data register, status register, address register, instruction regis- 
ter, interrupt mask register, interrupt vector, program counter, 
stack pointer, and for other general purposes. 

If the diagnostic registers are used in a system using micro- 
program control words, status registers, and instruction regis- 
ters, etc., one way to connect them together is shown In Figure 
7. There is only one data input and one data output to the 
diagnostic parts. When serial data is shifted in or shifted out, 
data has to be passed from one diagnostic chip to another. 
Since SDI must be passed from chip-to-chip if it is used for 
control. It Is necessary for logic designers to make sure the 
fall-through time of SDI to the last chip and the setup time from 
SDI to DCLK are satisfied. 



TEST 

DATA 

OUT 


Figure 7. One way diagnostic registers can be iinked together 


The diagnostic registers are basically used for diagnostic pur- 
poses, although they may also function as parallel-to-serial 
and serlal-to-parallel converters. 

Two examples of how the diagnostic parts can be built into a 
system are shown in Figures 8, 9. The diagnostic registers are 
used to substitute the instruction register, memory data registers, 
status register, memory address registers, and the registers for a 
non-writable (Figure 8) or a writable (Figure 9) microprogram 
control store. The only additional block to a typical system 
without diagnostic features is the diagnostics controller. The 
diagnostics controller should be able to supply the system with 
signals like MODE, SDI, DCLK, and the register clock (CLK). In 
order words, the diagnostics controller in itself is a supercontroller 
of the processing unit. It should also be noted that all sequential 
paths, except for the register files, should be converted to 
combinatorial paths if all the diagnostic parts are to break the 
sequential loops. 
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7 



Figure 8. An application example of using diagnostic registers in a CPU using non-writable control store 



13 


Figure 9. An apptication example of using diagnostic registers in a CPU using writable control store 
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In normal operation, the diagnostic controller will make the 
diagnostic feature inactive by setting MODE = LOW and dis- 
abling DCLK and have the CLK free running. 

When diagnostics are needed, the following sequence is per- 
formed: 

1 ) Shift in diagnostic test data bit-by-bit. In order to perform this 
operation, CLK is disabled; MODE remains LOW; SDI contains 
the bit to be shifted In, and the diagnostic clock is enabled. This 
will continue until a full test vector is shifted into the shadow 
register. 

2) MODE switches to HIGH. Then DCLK is disabled and CLK 
is enabled. The contents of the shadow register, which is the 
test vector, will be loaded into the output register. 

3) The test result is set up at the inputs of the diagnostic 
registers. MODE switches to LOW again. DCLK is still disabled 
and CLK is still enabled. The test result will be clocked into the 
output register. 

4) With MODE HIGH and DCLK enabled and CLK disabled, 
the test result will be clocked to the shadow register. 

5) With MODEheld LOW and DCLK still enabled and CLK still 
disabled, the test result can be shifted out and analyzed while 
another test vector Is shifted in. 

A block diagram of such a diagnostics controller is shown In 
Figure 10. The central control unit of this controller may be a 
disk-based unitor even a diagnostic PROM. Note that, in normal 
operation, MODE remains LOW and only CLK is active. 

Figure 9 is an example with writable programmable control 
store where initialization of the control RAMs is necessary. 
This can be done by loading in a sequence of data and address 


through the diagnostics controller. What this controller must 
be able to do, in addition to what is described above (see 
Figure 10), is to disable the outputs from the microprogram 
sequencer and feed In the address through another diagnostic 
register. There is a switch, SI, which switches the SDI to the 
registers of the writable control store from some other regis- 
ter (In Figure 9, It is the memory address register) to the 
diagnostic ‘control store address’ register. The initialization 
data is shifted into the shadow register by resetting MODE to 
LOW and enabling DCLK. After all data is shifted into the 
shadow register, MODE and SDI are set HIGH and then followed 
by a CLK, a DCLK, and a write to control store. The CLK loads 
the present control store address In the output registers of the 
‘control store address’ register, and the MODE = HIGH and SDI = 
HIGH will enable the Inputs to the diagnostic register as outputs, 
so that the data in the shadow register can be written back to 
the control store. 



Figure 10. A diagnostic controiier unit 








8-Bit Bus Latch Tt^nsceivers- 
Advanced CMOS-TTL Compatible 

74ACT547 74ACT567 


Features/Benefits 

• Bidirectional transceivers utilizing latches 

• Independent latches for A bus and B bus 

• Data can be swapped between internal latches 

• 8-bit data paths match byte boundaries 

• ’547/’567 devices can replace two ’373 devices 

• Independent gate enables for rank A and rank B 

• Low quiescent supply current of < 10 pA (typical) 

• Active supply current at about 20% LS equivalent 

• Wide commercial operating supply and temperature ranges 
4.5 V to 5.5 V; -40®C to +85°C 

• 24-pin SKINNYDIP® saves space. 


Description 

These transceivers have a pair of 8-bit latches connected back- 
to-back, i.e. the bus pins are used for input or output. The latches 
are followed by either non-inverting (’ACT547) or inverting 
(’ACT567) three-state buffers. 

Both device s have independent gate enable Inputs for ranks A 
and B (GA1 , GA2, GB1,GB2).an d independent output enables 
for ranks A and B (OEAB, OEBA). 

The d irectio n of operat ion is controlled by OEAB and OEBA. 
When OEAB is Low and OEBA is High, the de vices o perate in the 
A-to-B direction. When OEAB is High and OEBA i s L ow, the 
devices operate In the B-to-A direction. When OEAB and OEBA 
are bot h Hig h, the A and B buses are configured as inputs. When 
OEAB and OEBA are both Low, the A and B buses are 
configured as outputs. See the Bus Operation Tables for the 
detailed operation. 

Data is passed through the latch when ever either of the gate 
enables for the respective rank (GA1 or GA2, GB1 or GB2) are 
asserted. 

All of the 8-blt devices are packaged in the popular 24-pin 
SKINNYDIP® package. 


Ordering Information 



SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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74ACT547 74ACT567 


Block Diagrams 


’ACT547 (Non-inverting) 

’ACT567 (Inverting) 

ABUS 

A BUS 
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Function Table 
Nomenclature Description 


74ACT547 74ACT567 


A0-A7: Eight input/output pins on the A side. 

B0-B7: Eight input/output pins on the B side. 

X: H or Estate irrelevant (“Don’t Care” conditions). 

GA1/GA2: Gate enables for rank A of ’ACT547/’ACT567. 

GB1/GB2: Gate enables for rank B of ’ACT547/’ACT567. 

QoA/QoB: Previous data of the internal rank A/B. 


GA1 

GA2 

RANK A 

GB1 

GB2 

RANKB 

X 

L 

Enabled 

(Flush) 

X 

L 

Enabled 

(Flush) 

X 

L 

Enabled 

(Flush) 

L 

H 

Disabled 

(Freeze) 

; L 

H 

Disabled 

(Freeze) 

X 

L 

Enabled 

(Flush) 

L 

H 

Disabled 

(Freeze) 

L 

H 

Disabled 

(Freeze) 

H 

X 

Enabled 

(l^lush) 

X 

L 

Enabled 

(Flush) 

H 

X 

! Enabled 
' (Flush) 

" L’- 

H 

Disabled 

(Freeze) 

H 

X 

Enabled 

I (Flush) 

H 

.. 

X 

Enabled 

1 (Flush) 


To enable the A-to-B operation. 
To enable the B-to-A operation. 


OEAB 

OEBA 

OPERATION DIRECTION 

L 

L 

A, B buses both are outputs 
(Transfer stored data to bus stored) 

L 

H 

A-to-B 

H 

L 

B-to-A 

H 

H 

A, B buses both are inputs (storage) 
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Bus Operation for ’ACT547 


GATE 

ENABLE (A) 

RANK A 

GATE 

ENABLE (B) 

RANKB 

GA1 

GA2 

GB1 

GB2 

L 

H 

QoA 

L 

H 

QoB 

L 

H 

QoA 

H 

X 

B bus 

L 

H 

QoA 

X 

L 

Bbus 

H 

X 

A bus 

L 

H 

QoB 

H 

X 

A bus 

H 

X 

B bus 

H 

X 

Abus 

X 

L 

B bus 

X 

L 

A bus 

L 

H 

QoB 

X 

L 

A bus 

H 

X 

B bus 

X 

L 

Abus 

X 

L 

B bus 

L 

H 

QoA 

L 

H 

QoB 

L 

H 

QoA 

H 

X 

B bus 

L 

H 

QoA 

X 

L 

B bus 

H 

X 

Rank B 

L 

H 

QoB 

H 

X 

Rank B 

H 

X 

B bus 

H 

X 

Rank B 

X 

L 

B bus 

X 

L 

Rank B 

L 

H 

QoB 

X 

L 

Rank B 

H 

X 

B bus 

X 

L 

Rank B 

X 

L 

B bus 

L 

H 

QoA j 

L 

H 

QoB 

L 

H 

QoA 

H 1 

X 

Rank A 

L 

H 

QoA 

X 

L 

Rank A 

H 

X 

A bus 

L 

H 

QoB 

H 

X 

A bus 

H 

X 

Rank A 

H 

X 

A bus 

X 

L 

Rank A 

X 

L 

A bus 

L 

H 

QoB 

X 

L 

A bus 

H 

X 

Rank A 

X 

L 

A bus 

X 

L 

Rank A 

L 

H 

QoA 

L 

H 

QoB 

L 

H 

QoA 

H 

X 

Rank A 

L 

H 

QoA 

X 

L 

Rank A 

H 

X 

Rank B 

L 

H 

QoB 

H* 

X 

Rank B 

H 

X 

Rank A 

H* 

X 

Rank B 

X 

L 

Rank A 

X 

L 

Rank B 

L 

H 

QoB 

X* 

L 

Rank B 

H 

X 

Rank A 

X* 

L 

Rank B 

X 

L 

Rank A 


OPERATION 


DIRECTION 

CONTROL 


OEAB OEBA 


DATA I/O 


A0-A7 B0-B7 


BLOCK DIAGRAM 


Storage 


Input 


Input 



B-tO“A 

Operation 


Output 

of 

Rank B 


Input 



A-to-B 

Operation 


input 


Output 

of 

Rank A 



T ransfer 

Stored 

Data 


A 

BUS 


Output 

of 

Rank B 


Output 

of 

Rank A 


Li 


RANK 

A 


Note: These controls for OEAB, OEBA, GA1 , GA2, GB1 and GB2 can cause race conditions. 
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Bus Operation for ’ACT567 


GATE 

ENABLE (A) 

RANK A 

GATE 

ENABLE (B) 

RANKB 

GA1 

GM 

GB1 



L 

H 

QoA 

L 

H 

QoB 

L 

H 

QoA 

H 

X 

B bus 

L 

H 

QoA 

X 

L 

B bus 

H 

X 

A bus 

L 

H 

QoB 

H 

X 

A bus 

H 

X 

B bus 

H 

X 

A bus 

X 

L 

B bus 

X 

L 

A bus 

L 

H 

QoB 

X 

L 

A bus 

H 

X 

B bus 

X 

L 

A bus 

X 

L 

B bus 

L 

H 

QoA 



QoB 

L 

H 

QoA 

H 

X 

B bus 

L 

H 

QoA 

X 

L 

B bus 

H 

X 

Rank B 

L 

H 

QoB 

H 

X 

Rank B 

H 

X 

B bus 

H 

X 

Rank B 

X 

. 

L 

B bus 

X 

L 

Rank B 

L 

H 

QoB 

X 

L 

Rank B 

H 

X 

B bus 

X 

L 

Rank B 

X 

L 

B bus 

L 

H 

QoA 

;l:: 

H 

QoB 

L 

H 

QoA 

H ' 

X 

Rank A 

L 

H 

QoA 

. X ■ 

L 

Rank A 

H 

X 

A bus 

L 

H 

QoB 

H 

X 

A bus 

H ' 

X 

Rank A 

H 

X 

A bus 

X 

L 

Rank A 

X 

L 

A bus 

L 

H 

QoB 

X 

L 

A bus 

H 

X 

Rank A 

X 

L 

A bus 

X 

L 

Rank A 

L 

H 

QoA 

L 

H 

QoB 

L 

H 

QoA 

H 

X 

Rank A 

L 

H 

QoA 

X 

L 

Rank A 

H 

X 

Rank B 

L 

H 

QoB 

H* 

X 

Rank B 

H 

X 

Rank A 

H* 

X 

Rank B 

X 

L 

Rank A 

X 

L 

Rank B 

L 

H 

QoB 

X* 

L 

Rank B 

H 

X 

Rank A 

X* 

L 

Rank B 

X 

L 

Rank A 


OPERATION 


DIRECTION 

CONTROL 


OEAB OEBA 


DATA I/O 


A0-A7 B0-B7 


BLOCK DIAGRAM 


Storage 


Input 


Input 



B-to-A 

Operation 


Output 

of 


Input 


Rank B 



A-to-B 

Operation 


Input 


Output 

of 


Rank A 



Transfer 

Stored 

Data 


Output 

of 


Output 

of 


Rank B 


Rank A 



* Note: These controls for OEAB, OEBA, GA1, GA2, GB1, and GB2 can cause race conditions. 
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74ACT547 74ACT567 


Absolute Maximum Ratings 

Supply voltage, Vqq 

DC input voltage, V| 

DC output voltage, Vq . 4 

DC output source/sink current per output pin, Iq 
DC Vqq or ground current, Iqq or Iqisiq ...... 

Input diode current, l|j^: 

V|<0 

V|>Vqq 

Output diode current, Iq|^: 

Vo<0 

Vq^Vqq 

Storage temperature 


-0.5 V to 7.0 V 

-0.5 V to Vqq + 0.5 V 
-0.5 V to Vqq + 0.5 y 

±35 mA 

........... ±200 mA 

-20 mA 

+20 mA 

-20 mA 

+20 mA 

-65° to +1 50° C 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

V 

Ta 

Operating free air temperature 

-40 85 

°c 

tw 

Width of gate 

High 

12 

ns 

Low 

12 

tsu 

Setup time 

’ACT547 

GA1,GB1 

8i 

ns 

G^,GB2 

8t 

’ACT567 

GA1,GB1 

8i 

G^,GB2 

8t 

th 

Hold time 

’ACT547 

GA1,GB1 

81 

ns 

GA2,GB2 

8t 

’ACT567 

GA1,GB1 

8i 


t 

tr 

Input rise time at V| = 4.5 V 

0 500 

ns 

tf. 

Input fall time at V| = 4.5 V 

0 500 

ns 


t i :Ihe arrows indicate the transition of the gate control input used as reference: t for the LOW-to-HIGH transitions, i for the HIGH-to-LOW transitions. 
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74ACT547 74ACT567 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 

MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level input voltage 


2 

V 

'in 

Input current 

Vcc = I^AX 

V| = Vcc 
or GND 

±1.0 

mA 

—I 

o 

> 

Low-level output voltage 

Vcc = I^AX 
V|L = MAX 
V|H = MIN 

'OL " 20 mA 

0.1 

V 

Iql ■ ® •t^a 

0.37 

Iql = 12 mA 

0.4 

VqH 

High-level output voltage 

Vqq = MIN 
V|L = MAX 
V||_| = MIN 

'oh " "20 nA 

3.4 

V 

'oh = -6 mA 

2.4 

'oz 

Off-state output current 

Vcc = I^AX 

^0 = ^CC 
or GND 

±30 

mA 

'cc 

Quiescent supply current 

Vcc = I^AX 

V| =Vcc 
or GND 

80 

mA 


Switching Characteristics 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

(See Interface Test Load/Waveform) 

COMMERCIAL 

MIN MAX 

UNIT 

‘PLH 

GAI,^, GB1 orGB2 
to output delay 

C|_ = 50 pF 

32 

ns 

¥hl 

32 

¥lh 

Data to output delay 

32 

ns 

¥hl 

32 

tpZL 

Output enable delay 

R|_ = 1 Kn 

I Cl = 50pF 

34 

ns 

¥zh 

34 

¥lz 

Output disable delay 

34 

ns 

*PHZ 

34 


IVpical Iqq vs R'equency 


74ACT547/567 
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74ACT547 74ACT567 


Enable/ Disable Waveforms 



(SEE NOTE 2) 


Test Load 



(SEE NOTE 1) 


Notes: 1. Cl includes probe and jig capacitance. 

2. When measuring tp2L. is tied to Vqq. When measuring tpHZ 9nd tp2H. 

Si is tied to ground. 

When measuring propagation delay times of three-state outputs, Si is open, i.e. 
not connected to Vqq or ground. 

3. Waveform 1 is for an output with internal conditions such that the output is Low except when 
disabled by the output control. 

Waveform 1 is for an output with internal conditions such that the output is High except when 
disabled by the output control. 

4. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 

5. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, t^ < 6 ns, 
t^ ^ 0 ns, ~ 
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8-Bit Bus Front-Loading Latch 
Transceivers — 

Advanced CMOS-TTL Compatible 

74ACT646 74ACT648 


Features/ Benefits 

• Bidirectional bus transceiver and register 

• Independent registers for A and B buses 

• Real-time data transfer or stored data transfer 

• 24-pin SKINNYDIP® saves space 

• Three-state outputs drive bus lines 

• Low quiescent supply current of <10 juA (typical) 

• Active supply current at about 20% LS equivalent 

• Wide commercial operating supply and temperature 
ranges 4.5 V to 5.5 V; -40X to +85®C 

Description 

This 8-bit bus transceiver with three-state outputs has sixteen 
D-type flip-flops and multiplexers. The bus-oriented pinout of 
the part is shown in the Pin Configuration. The internal gate- 
level hardware configurations for the ’ACT646/648 are given in 
the Logic Diagram. The basic repeated element, consisting of an 
edge-triggered flip-flop paralleled with a bypassing path, or 
“feed-through”, into a two-way multiplexer is sometimes called a 
“front-loading latch.” 

A pair of multiplexers are used to distribute two bytes of data 
through the part. The data-routing combinations offered by the 
multiplexers provide flexibility in directing data to or from either 
bus, and/or either register. Data is loaded into registers A or B 
upon the rising edge of the appropriate clock signals. CKA 

Pin Configurations 

’ACT646/648 

8-Bit Bus Front-Loading Latch Transceiver 



Ordering Information 


PART 

NUMBER 

PKG 

TEMP 

POLARITY 

OUTPUT 

TECH 

74ACT646 

NS,JS 

Com 

Noninvert 

Three- 

state 

CMOS 

74ACT648 

NS,JS 

Com 

Invert 


clocks register A, which receives data from the B bus directly at 
its inputs. Similarly, CKB clocks register B, which has the A bus 
available directly at its inputs. Control of the multiplexers is 
provided by two select lines (one per register), SRA an^SRB. 
Command of the outputs is performed by enable line E, and 
direction line DIR. 

When E is High, data from the buses can be stored Into register A 
and B. When E is Low and DIR is High, the direction of operation 
is from A to B, when E and DIR are Low, the direction of 
operation is from B to A. 

SRA is used to select between register A and the B bus, and then 
to route the data to a controlled buffer connected to the A bus. 
Likewise, SRB selects between register B and the A bus, and 
then routes the data to the B bus through a controlled buffer. 


SKINNYDIP® is a registered trademark of Monolithic Memories. 

TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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74ACT646 74ACT648 


IEEE Symbols 


’ACT646 

’ACT648 




REGISTER 

B 


SRA »/ MUX \ \D 

/dataselectX \ 


DATA SELECT 
V MUX 
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74ACT646 74ACT648 


Function Table 
Nomenclature Description 

E : To enable A-to-B or B-to-A operation . 

DIR: To select the direction of operation. 


E 

DIR 

OPERATION DIRECTION 

L 

L 

B-to-A 

L 

H 

A-to-B 

H 

X 

A and B buses both are inputs 
(Storage) 


SRA/SRB: 

To select the output data coming from the A/B 
register if SRA/SRB is a High level; otherwise, 
directly from the input data bus. 

A0-A7: 

Eight input/output pins on the A side. 

B0-B7: 

Eight input/output pins on the B side. 

CKA/CKB: 

Clock for Register A/B. 

X: 

H or L state irrelevant (“Don’t Care" condition). 

f: 

Positive edge of clock causes clocking, if clock 
enable is asserted. 

UC: 

H or L or 1 case (nonclocked operation). 

RGTR: 

Register. 
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Bus Operation for ’ACT646 
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Bus Operation for ’ACT648 
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74ACT646 74ACT648 


Absolute Maximum Ratings 

Supply voltage, Vqq -0.5 V to 7.0 V 

DC input voltage, V| -0.5 V to Vqq +0.5 V 

DC output voltage, Vq -0,5 V to Vqq+0.5 V 

DC output source/sink current per output pin, Iq ±35 mA 

DC Vqq or ground current, Iqq or Iqisjd • ±100 mA 

Input diode current, l|^: 

V| <0 .......... . — — -20 mA 

Vj >Vqq — +20 mA 

Output diode current, Iqi^: 

Vq <0 -20 mA 

Vq >Vqq +20 mA 

Storage temperature -65 to + 1 50° C 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 

MIN TYP MAX 

UNIT 

Vcc 

Supply voltage 

4.5 5 5.5 

V 

Ta 

Operating free-air temperature 

-40 85 

°c 

'w 

Width of clock 

High 

20 

ns 

Low 

20 

^su 

Set up time 

25t 

ns 


Hold time 

Of 

ns 

*r 

input rise time at Vj = 4.5 V 

0 500 

ns 

tf 

Input fair time at V| = 4.5 V 

0 500 

ns 

'oh 

High-level output current 

-6 

mA 

'OL 

Low-level output current 

12 

mA 


t The arrow indicates the Low-to-High transition of the clock input used as reference. 
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Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

25° C 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L 

Low-level Input voltage 


0.8 

0.8 

V 

V|H 

High-level input voltage 


2 

2 

V 

l|N 

Input current 

Vcc = max 

V| =VccorGND 

±1.0 

±1.0 

mA 

VOL 

Low-level output voltage 

Vcc = min 

V|L = MAX 
V|H = MIN 

Iql = 20mA 

0.1 

0.1 

V 

Iq =6 mA 

0.32 

0.37 

Iql = 12 mA 

0.4 

0.4 

Vqh 

High-level output voltage 

Vcc = min 

V|L = MAX 
V|H = MIN 

Iqh = -20 mA 

3.4 

3.4 

V 

Iqh = -0 mA 

2.4 

2.4 

bz 

Off-state output current 

Vcc = max 

Vo = Vcc o*' gnd 

±10 

±30 

mA 

'cc* 

Quiescent supply current 

Vcc - max 

Vj = Vcc or GND 

10 

40 

fxA 


* See Iqc vs. Frequency chart. 


Switching Characteristics 


SYMBOL 

PARAMETER 

TEST CONDITIONS 
(See Test 
Load/Waveform) 

COMMERCIAL 

T^ = 25°C 

MIN MAX 

COMMERCIAL 

MIN MAX 

UNIT 

*PLH 

Data to output delay 

Cl = 50pF 

38 

45 

ns 

*PHL 

38 

45 

•PLH 

Clock to output delay 

32 

38 

ns 

•PHL 

32 

38 

¥lh 

Select to output delay* 
(data input high) 

32 

35 

ns 

*PHL 

32 

35 

‘PLH 

Select to output delay* 
(data input low) 

32 

35 

ns 

*PHL 

32 

35 

1 

Output enable delay 

R|_ = IKO 

Cl = 50 pF 

40 

45 

ns 

¥zh 

40 

45 

¥lz 

Output disable delay 

35 

40 

ns 

•PHZ 

35 

40 

*PZL 

Direction enable delay 

40 

45 

ns 

tpZH 

35 

40 

*PLZ 

Direction disable delay 

30 

35 

ns 

*PHZ 

30 

35 


* See Figure 4. 
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74ACT646 74ACT648 


Enable/Disable/Direction-Change Delay 



(SEE NOTE 2) 


Figure 5. 


Test Load 


Vcc 


FROM OUTPUT 
UNDER TEST 

Cl ^ 
(SEE NOTE 1) 


(SEE NOTE 2) 


Figure 6. 


NOTES 1 . Cl includes probe and jig capacitance. 

2. When measuring tpLZ and tpzL- Si is tied to Vqq. When measuring tppjz and tpzH- 

is tied to ground. 

When measuring propagation delay times of three-state outputs, S-j is open, i.e., 
not connected to or ground. 

3. Waveform 1 is for an output with internal conditions such that the output is Low except when 
disabled by the Output control. 

Waveform 2 is for an output with internal conditions such that the output is High except when 
disabled by the output control. 

4. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 

5. All input pulses are supplied by generators having the following characteristics: PRR <1 MHz, t^ <6 ns, 
tf <6 ns, Zput = 50 fi. 
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8-Bit Bus Front-Loading Latch 
IVansceivers — 

Advanced CMOS-TTL Compatible 

74ACT651 74ACT652 


Features/Benefits 

• Bidirectional bus transceiver and register 

• Independent registers for A and B buses 

• Real-time data transfer or stored data transfer 

• Simultaneous outputs on both buses 

• 24-pin SKINNYDIP® saves space 

I • Three-state outputs drive bus lines 
I • Low quiescent supply current of <10 mA (typical) 

I • Active supply current at about 20% LS equivalent 

• Wide commercial operating supply and temperature 
ranges 4.5 V to 5.5 V; -40°C to +85°C 

Description 

I This 8-bit bus transceiver with three-state outputs has sixteen 
I D-type flip-flops and multiplexers. The bus-oriented pinout of 
the part is shown in the Pin Configuration. The internal gate- 
level hardware configurations for the ’ACT651/652 are given in 
the Logic Diagrams. The basic repeated element, consisting of an 
edge-triggered flip-flop paralleled with a bypassing path, or 
“feed-through”, into a two-way multiplexer is sometimes called a 
“front-loading latch.” 

A pair of multiplexers are used to distribute two bytes of data 
through the part. The data-routing combinations offered by the 
multiplexers provide flexibility in directing data to or from either 
bus, and/or either register. Data is loaded Into registers A or B 

Pin Configurations 

’ACT651/652 

8-Bit Bus Front-Loading Latch Transceiver 


CKB Q] 

/ 

^ vcc 

SRB |T 


^ CKA 

GAB [7 


^ SRA 

Ao[r 


^GBA 

ai|T 


^ BO 

A2[r 


Si 

A3[T 


B2 

A4[7 



A5[7 



A6[7o 


B5 

A7[i7 


El 

gnd|i2 


]3b7 


Ordering information 


PART 

NUMBER 

PKG 

TEMP 

POLARITY 

OUTPUT 

TECH 

74ACT651 

NS,JS 

Com 

Noninvert 

Three- 

state 

CMOS 

74ACT652 

NS,JS 

Com 

Invert 


upon the rising edge of the appropriate clock signals. CKA 
clocks register A, which receives data from the B bus directly at 
its Inputs. Similarly, CKB clocks register B, which has the A bus 
available directly at its inputs. Control of the multiplexers is 
provided by two select lines (one per register), SRA and SRB. 
Co mmand of the outputs is performed by two enable lines, GAB 
and GBA. 

When GAB is low and GBA is high, d ata fro m the buses can be 
loaded into registers A and B. When GBA is low, the A bus is 
configured for output. When GAB Is high, the B bus is configured 
for output. The A and B buses can be enabled at the same time, 
to operate as outputs simultaneously. 

SRA is used to select between register A and the B bus, and then 
to route the data to a controlled buffer connected to the A bus. 
Likewise, SRB selects between register B and the A bus, and 
then routes the data to the B bus through a controlled buffer. 


SKINNYDIP® is a registered trademark of Monolithic Memories. 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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74ACT651 74ACT652 


Logic Diagrams 


’ACT651 (Inverting) 



TO 7 OTHER CHANNELS 


’ACT652 (Non-Inverting) 



TO 7 OTHER CHANNELS 
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74ACT651 74ACT652 


Function Table 
Nomenclature Description 


GAB: To enable A-to-B operation. 

GBA: To enable B-to-A operation. 


GAB 

GBA 

OPERATION DIRECTION 

L 

L 

B-to-A 

L 

H 

A and B buses both are inputs 
(Storage) 

H 

L 

A and B buses both are outputs 
(T ransfer stored data to bus) 

H 

H 

A-to-B 


SRA/SRB: 

To select the output data coming from the A/B 
register if SRA/SRB is a High level; otherwise, 
directly from the input data bus. 

A0-A7: 

Eight input/output pins on the A side. 

B0-B7: 

Eight input/output pins on the B side. 

CKA/CKB: 

Clock for register A/B. 

X: 

H or L state irrelevant (“Don’t Care” condition). 

t: 

Positive edge of CK causes clocking, if clock enable 
is asserted. 

UC: 

H or L or 1 case (nonclocked operation). 

RGTR: 

Register. 
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74ACT651 


Bus Operation for ’ACT651 


OPERATION 

CONTROL 

DATA I/O 


BLOCK DIAGRAM 

CLOCK 

ENABLE 

’ACT651 


GAB 

GBA 

SRA 

SRB 

A0-A7 

B0-B7 







CKA 

CKB 














-I 

uc 

UC 

No operation 








Bl 

JS 

RGTR 

B 

RGTR 

A 


1 

uc 

t 

Real time A bus data ^ RGTR B 

Storage 

L 

H 

X 

X 

Input 

Input 




1 

1 

B 

?■ 

uc 

Real time B bus data — RGTR A 









1 

CKB 



1 

CKA 

t 

t 

Real time A bus data RGTR B 
Real time B bus data — RGTR A 














uc 

uc 

Real time B bus data -* A bus 

Real time 







B 

JS 


RGTR 

A 



uc 

f 

Real time B bus data ^ A bus 
Real time B bus data — RGTR B 

















B-to-A 

Operation 

L 

L 

L 

X 

Output 

Input 



RGTR 

4 


B 

t 

uc 

Real time B bus data A bus 
Real time B bus data ^ RGTR A 








cC 



CK 

BUS 

t 

t 

Real time B bus data ^ A bus 
Real time B bus data — RGTR A 
Real time B bus data — RGTR B 














uc 

uc 

RGTR A data -- A bus 

Stored data 







BL 

s 

T 

r 

CKB 

RGTR 

B 

RGTR 



uc 

t 

RGTR A data A bus 

RGTR Adata — RGTR B 

B-to-A 

Operation 

L 

L 

H 

X 

Output 

Input 



H 

1 

B 

BUS 

t 

uc 

Real time B bus data RGTR A 
RGTR A data A bus 










CK> 


: f 

t 

Real time B bus data ^ RGTR A 
RGTR A data — A bus 

RGTR A data - RGTR B 














UG 

uc 

Real time A bus data ^ B bus 

Real time 







Bl 

JS 


RGTR 

A 



uc 

f 

Real time A bus data — B bus 

1 Real time A bus data — RGTR B 

A-to-B 

Operation 

H 

H 

X 

L 

Input 

Output 


r 

CKB 

RGTR 

B 


— 

1 

B 

: r 

uc 

Real time A bus data — B bus 

Real time A bus data — RGTR A 










CKA 

BUS 

t 

1 

Real time A bus data — B bus 

Real time A bus data — RGTR A 
Real time A bus data — RGTR B 














uc 

uc 

RGTR B data — B bus 

Stored data 







Bl 

\ 

JS 


RGTR 

A 

-1 


UG 

t 

Real time A bus data — RGTR B 
RGTR B data - B bus 

A-to-B 

Operation 

H 

H 

X 

H 

Input 

Output 



RGTR 

B 



B 

■ ' f 

uc 

RGTR B data — B bus 

RGTR B data - RGTR A 





. 





CKA 

BUS 

t 

r. 

Real time A bus data — RGTR B 
RGTR Bdata- B bus 

RGTR B data - RGTR A 






' 

' 







UC 

uc 

RGTR A/B data — A/B bus 

Transfer 





■ 

' 

/ 

Bl 

JS 

RGTR 

A 

t 


UC 

t 

RGTR A/B data — A/B bus 

RGTR A data - RGTR B 

Stored 

Data 

H 

L 

H 

H 

Output 

Output 


L 

r- 

RGTR 

B 

^ 


^ . 


uc 

RGTR A/B data — A/B bus 

RGTR B data - RGTR A 








1 

CKB 



CK, 

BUS 

A 

, t 

1 

RGTR A/B data — A/B bus 

RGTR A data - RGTR B 

RGTR B data -* RGTR A 
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74ACT651 74ACT652 


Absolute Maximum Ratings 

Supply voltage, Vqq 

DC input voltage, V| 

DC output voltage, Vq 

DC output source/sink current per output pin, Iq 

DC Vqq or ground current, Iqq or Iqnd 

Input diode current, l|f<; 

V, <0 

V,>Vqq.. 

Output diode current, Iqi^: 

Vo <0 

^O^^CC 

storage temperature 


Operating Conditions 




T The arrow indicates the Low-to-High transition of the clock input used as reference. 


-0.5 V to 7.0 V 

-0.5 V to Vqq +0.5 V 
, -0.5 V to Vqq+0.5 V 

±35 mA 

+ 100 mA 

-20 mA 

+20 mA 

-20 mA 

+20 mA 

-65to+150°C 
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Electrical Characteristics Over Operating Conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

25®c 

MIN TYP MAX 

COMMERCIAL 
MIN TYP MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

0.8 

V 

V|H 

High-level input voltage 


2 

2 

V 

'in 

Input current 

Vcc = MAX 

V| = Vcc or GND 

±1.0 

±1.0 

mA 

VqL 

Low-level output voltage 

vcc = min 

V|L =MAX 
V|H =MIN 

IQL = 20 /uA 

0.1 

0.1 

V 

iQ =6 mA 

0.32 

0.37 

Iql = '•2 mA 

0.4 

0.4 

VqH 

High-level output voltage 

Vcc = min 

V|L =MAX 
V|H = MIN 

lOH = -20 mA 

3.4 

3.4 

V 

Iqh = -6 mA 

2.4 

2.4 

‘oz 

Off-state output current 

Vcc = max 

Vq = VccOrGND 

±10 

±30 

mA 

'cc* 

Quiescent supply current 

Vcc = max 

V| =Vcco«'GND 

10 

40 

mA 


* See Iqc vs. Frequency chart. 


Switching Characteristics 


SYMBOL 

PARAMETER 

TEST CONDITIONS 
(See Test 
Load/Waveform) 

COMMERCIAL 

Ta = 25°C 

MIN MAX 

COMMERCIAL 

MIN MAX 

UNIT 

¥lh 

Data to output delay 

Cl = 50pF 

39 

48 

ns 

^PHL 

35 

42 

^PLH 

Clock to output delay 

35 

44 

ns 

*PHL 

35 

40 

tpLH 

Select to output delay* 
(data Input high) 

32 

40 

ns 

¥hl 

32 

40 

^PLH 

Select to output delay* 
(data input low) 

35 

44 

ns 

^PHL 

32 

36 

¥zl 

GBA to A bus 
output enable delay 

Rl = iKn 

Cl = 50 pF 

28 

32 

ns 

‘PZH 

28 

32 

*PLZ 

GBA to A bus 
output disable delay 

28 

32 

ns 

N 

I 

D. 

35 

38 

*PZL 

GAB to B bus 
output enable delay 

30 

33 

ns 

I 

N 

0. 

28 

32 

•PLZ 

GAB to B bus 
output disable delay 

28 

32 

ns 

^PHZ 

35 

38 


* See Figure 4. 
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Enable/Disable/Direction-Change Delay 



Figure 5 


standard Test Load 


TgST POINT 


Vcc 


FROM OUTPUT 
UNDER TEST 


Cl -L 

(SEE NOTE 1) 


(SEE NOTE 2) 


Figure 6 


NOTES 1 . Cl includes probe and jig capacitance. 

2. When measuring tpLZ and tp2L. Si is tied to Vqq. When measuring tpHZ and tp2H. 

S-i is tied to ground. 

When measuring propagation delay times of three-state outputs, S^ is open, i.e., 
not connected to Vqq or ground. 

3. Waveform 1 is for an output with internal conditions such that the output is Low except when 
disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is High except when 
disabled by the output control. 

4. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
5 All input pulses are supplied by generators having the following characteristics: PRR <1 MHz, t^ <6 ns, 

tf <6 ns, Zout "" 50 fl. 
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8-Bit Latches/Registers with Readback- 
Advanced CMOS-TTL Compatible 

74ACT793 74ACT794 


Features/ Benefits 

• I/O port configuration enabies output data back onto 
input bus 

• Low quiescent supply current of < 10 juA (typical) 

• Eighth bits matches byte boundaries 

• ideai for microprocessor interface 

• Wide commercial operating supply and temperature ranges 
4.5 V to 5.5 V; -40°C to + 85°C 

Description 

These 8-bit latches/registers are useful for I/O operations on a 
microprocessor bus. An image of the output data can be read 
back by the CPU. This operation is important in control algo- 
rithms which make decisions based on the previous status of 
output controls. Rather than storing a redundant copy of the 
output data in memory, simply reading the register as an I/O port 
allows the data to be retrieved from where it has been stored in 
an ACT793/4, for verification and/or updating. 


MICROPROCESSOR DATA BUS 



The data is loaded in the registers on the low-to-high transition of 
the clock (CK), for the ACT794. The data is passed through the 
ACT793 when the gate, (G), is High, and it is “latched” when G 
changes to Low. The output enable, OE is used to enable data on 
D7-D0. When OE is low the output of the latches/registers is 
enabled on D0-D7, enabling D as an outut bus so that the host 
can perform a read operation. When OE is High, D7-D0 are 
inputs to the latches/registers configuring D as an input bus. 

The output drive of these commercial parts for any output pin Is 

*OL"^2mA. 


Ordering Information 


PART 

NUMBER 

PKG 

_ ■ .._J 

TEMP 

POLARITY 

TYPE 

. . ' i 

TECH 

74AGT793 

N,J 

Com 

Non- 

Invert 

Latch 

CMOS 

74ACT794 

N,J 

Com 

Register 


Logic Symbols 


’ACT793 


DO [T 

[T 

D2 [T 

D3 [T 
D4 |T 

D6 [T 
T> 7 [T 

GND Qo 











4= 


20| VCC OE 
QO DO TT 


: PI 0 


'-W 


- i Q3 D3 

:^3_t^i5]Q4 D4[7 

13 05 D5 ^ 




Q7 DTpj- 
n] G GND po 



’ACT793 Function Table 


G 

OE 

0 

D 

L 

L 

Qo” 

Output, Q 

L 

H 

Qo“ 

Input 

Ht 

L 

D* 

Output, Q* 

H 

H 

D . ! 

Input 


* In this case the output of the latch feeds the input, and a “race” 
condition results. 

** Qq represents the previous "latched” State, 
t This transition is not a normal mode of operation and may produce hazards. 


’ACT794 Function Table 


CK 

OE 

Q 

D 

L or H or 1 

L 

On 

Output, Q 

Lor H or i 

H 

Qo 

Input 

t 

L 

Qo 

Output, Q* 

t 

H 

D 

Input 


* In this case the output of the register is clocked to the inputs and the overall 
O output is unchanged at Qq. 


TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Absolute Maximum Ratings 

Supply voltage, Vqc -0.5 V to 7.0 V 

DC input voltage, Vj -0.5 V to Vcc +0.5 V 

j DC output voltage, Vq -0.5 V to Vcc +0.5 V 

I DC output source/sink current per output pin, Iq ±35 mA 

DC Vcc or ground current. Ice o*' IQND • ±100 mA 

Input diode current, I|k: 

V|<0 -20mA 

V| >Vcc +20 mA 

Output diode current, loK- 

Vq <0 -20 mA 

Vo>Vcc +20 m A 

Storage temperature -65°C to +150°C 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

< 

O 

o 

Supply voltage 

4.5 

5 

5.5 

V 

Ta 

Operating free-air temperature 

-40 


85 

°c 

‘w 

Width of Clock/Gate 

High 

15 

ns 

Low 

■ 15 ' 

tsu 

Setup time 

’ACT793 

81 


’ACT794 

25! 

ns 

th 

Hold time 

’ACT793 

8i 

’ACT794 

Of-; 


v 

input rise time at V| = 4.5 V 

0 


500 

ns 

tf 

Input fall time at Vj = 4.5 V 

0 


500 

ns 

Iqh 

High-level output current 

-6 

mA 

'OL 

Low-level output current 

12 

mA 


I i The arrows indicates the transition of the clock/gate input used for reference, t for the iow-to-high transitions, i for the high-to-iow transitions. 


Electrical Characteristics over operating conditions 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

COMMERCIAL 

TYP 

MAX 

UNIT 

V|L 

Low-level input voltage 


0.8 

V 

V|H 

High-level Input voltage 


2 

V 

l|N 

Input current 

Vcc = max 

V| = Vcc O'” ^nd 

±1.0 

mA 



Vcc = min 
V|L = MAX 

IOL = 20/xA 

0.1 


VoL 

Low-level output voltage 

Iql “ 6 ttiA 

0.37 

V 



V|H = MIN 

Iql = 12 mA 

0.4 


'^OH 

High-level output voltage 

vcc-min 
V|L = MAX 
V|H = MIN 

IOh = -20M 

3.4 

V 

IOH--6mA 

2.4 

Iqz 

Off-state output current 

Vcc = max 

Vq = ^cc 0*" GND 

±30 

mA 

>CC 

Quiescent supply current 

Vcc = max 

V| = Vcc gnd 

80 

mA 


Monollthlo 
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Switching Characteristics for ’ACT793 


SYMBOL 

PARAMETER 

TEST CONDITIONS 
(See Test Load/Waveform) 

COMMERCIAL 

MIN MAX 

UNIT 

¥lh 

Data to output delay 

C|_ = 50 pF 

40 

ns 

‘PHL 

40 

tpLH 

Gate to output delay 

40 

ns 

¥hl 

40 

*PZL 

Output enable delayf 

Rl = i Kn 

Cl = 50 pF 

30 

ns 

*PZH 

30 

'¥lz 

Output disable delayf 

33 

ns 

tpHZ 

33 


t For the ’ACT793, G should remain LOW during these tests. 


Switching Characteristics for ’ACT794 


SYMBOL 

PARAMETER 

TEST CONDITIONS 
(See Test Load/Waveform) 

COMMERCIAL 

MIN MAX 

UNIT 

tpLH 

Clock to output delay 

Cl = 50 pF 

40 

ns 

tpHL 

40 

•PZL 

Output enable delay 

RL=1Kn 

Cl = 50pF 

30 

ns 

tpZH 

30 

‘PLZ 

Output disable delay 

30 

ns 


30 


’ACT793 Timing Diagrams ’ACT794 Timing Diagrams 




The case when gate is HIGH and data flows through the part is specified as Data to Output delay in the Switching Characteristics table. (Vj = 1.3V). 


13-124 


MonoUthia 



Memories 












74ACT793 74ACT794 


Enable/Disable Waveforms 



Standard Test Load 


FROM OUTPUT 
UNDER TEST — 

Cl 

(SEE NOTE 1) 


Vcc 


Rl 

— 


(SEE NOTE 2) 


Notes 1. Cl includes probbe and jig capacitance. 

2. When measuring tpLz and tpzL- S-j is tied to Vqq. When measuring tp^z and tpzH- 
S-| is tied to ground. 

When measuring propagation delay times of three-state outputs, S-] is open, i.e., 
not connected to Vqq or ground. 

3. Waveform 1 is for an output with internal conditions such that the output is Low except when 
disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is High except when 
disabled by the output control. 

4. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 

5. All input pulses are supplied by generators having the following characteristics; PRR < 1 MHz, t^ < 5 ns, 
tf<6ns, Zout=50tl. 

Typical 1^^ vs Frequency 

’ACT793/794 







Notes 
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ECL1 OKH Selection Guide 


DEVICE 

FUNCTION 

PACKAGE 

PINS 


NOR Gate 



MC10H102 

Quad 2>lnput 



MC10H211 

Dual 3-Input, 3-Output 




OR Gate 



MC10H103 

Quad 2-Input 

. 


MC10H210 

Dual 3-Input, 3-Output 




AND Gates 



MC10H104 

Quad AND 




Complex Gates 



MC10H101 

Quad OR/NOR 



MC10H105 

Triple 2-3-2 Input OR/NOR 



MC10H107 

Triple Exclusive OR/NOR 



MC10H109 

Dual 4-5 Input OR/NOR 



MC10H117 

Dual 2-Wide OR-AND/OR-AND Invert 



MC10H118 

Dual 2-Wide 3-Input OR/AND 



MC10H121 

4-Wide OR-AND/OR-AND Invert 




Translators 



MC10H124 

QuadTTL/ECL 



MG10H125 

QuadECL/TTL 




Receivers 



MC10H115 

Quad Line Receiver 



MC10H116 

Triple Line Receiver 




Flip-FLop Latches 

J, N 

16 

MC10H130 

Dual latch 



MC10H131 

Dual D Master Slave Flip-FLop 



MC10H175 

Quint Latch 



MC10H176 

Hex D-Flip-Flop 




Parity Checker 



MC10H160 

12-Bit Parity Generator-Checker 




Encoders/Decodes 



MC10H161 

Binary to 1-8 (Low) 



MC10H162 

Binary to 1-8 (High) 




Data Selector Multiplexer 



MC10H158 

Quad 2-Input Multiplexers (Non-inverting) 



MC10H159 

Quad 2-Input Multiplexers (Inverting) 



MC10H164 

8-Line Multiplexer 



MC10H173 

Quad 2-Input Multiplexer Latch 



MC10H174 

Dual 4-1 multiplexer 




Counters 



MC10H016 

Binary Counter 



MC10H136 

Universal Hexadecimal 




Arithmetic Functions 



MC10H179 

Lookahead Carry Block 




Special Functions 



MC10H141 

Universal Shift Register 



MC10H166 

6-Bit Magnitude Comparator 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Famiiy 
MC10H016 
4-Bit Binary Counter 


Features/ Benefits 

• Counting frequency, 200 MHz min. 

• Power dissipation 570 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H016 Is a high-speed synchronous, presettable, cas- 
cadable 4-bit Binary Counter. This device is a member of Mono- 
lithic Memories’ new ECL 10KH family. It is useful for a large 
number of conversion, counting, and digital integration 
applications. 

Pin Configuration 


MC10H016 
4-bit Binary Counter 



Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H016 

J, N, NL 

Com 


Function Select Table 


CE 

PE 

MR 

CP 

FUNCTiON 

L 

L 

L 

z 

Load parallel (P^ to Q^) 

H 

L 

L 

z 

Load parallel (Pp to Q^) 

L 

H 

L 

"z 

Count 

H 

H 

L 

z 

Hold 

X 

X 

L 

ZZ 

Masters respond; 
slaves hold 

X 

X 

H 

X 

Reset (Qp, = LOW, 

Tq = HIGH) 


Z = Clock Pulse (Low to High) 

ZZ = Clock Pulse (High to Low). 

Features include assertion inputs and outputs on each of the four master/slave 
counting flip-flops. Termihal count is generated internally in a manner that 
allows synchronous loading at nearly the speed of the basic counter. 


Portions of this data sheet reproduced with the courtesy of Motorola Inc. 
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MC10H016 


Logic Diagram 

4-bit Binary Counter 



Note: This diagram is provided for understanding of logic operation only. It should not be used for evaluation of propagation delays as many gate functions are 
achieved internally without incurring a full gate delay. 
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MC10H016 


AbMiute Maximum Ratings 

Supply voltage Vee (VCC 0) -S.OVtoOVdc 

Input voltage V| (Vcc = 0) OVdctoVEE 

Output Current: 

Continuous 50 mA 

Surge 100mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 


■’’STG 

Storage Temperature Range 

Plastic 

-55 

150 

OQ 

Ceramic 

-55 

165 


Eiectricai Characteristics = -5.2 v ± 5 % (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

■e 

Power supply current 

. — 

126 

— 

115 

- 

126 

mA 

•inH 

Input current HIGH 

All except MR 

- 

450 

- 

265 


265 

iuA 

Pin 12 MR 

- 

1190 

- 

700 

- 

700 

hnL 

Input current LOW 

0.5 

— 

0.5 

— 

0.3 

- 

mA 

VOH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

0 

> 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

Low input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics v^e = 5-2 v, ±5% (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tpd 

Propagation delay 

Clock to Q 

1.0 

2.4 

1.0 

2.5 

1.0 

2.7 

ns 

Clock to TC 

0.7 

2.4 

0.7 

2.5 

0.7 

2.6 

MRtdQ 

0.7 

2.4 

0.7 

2.5 

0.7 

2.6 

^set 

Setup time 

Pn to Clock 

2.0 

- 

2.0 

- 

2.0 

- 

ns 

CE or PE to Clock 

2.5 

- 

2.5 

- 

2.5 

- 

^hold 

Hold time 

Clock to Pn 

1.0 

- 

1.0 

- 

1.0 

- 

ns 

Clock to CE or PE 

0.5 

— 

0.5 

- 

0.5 

- 

^count 

Counting frequency 

200 

— 

200 

— ' 

200 

- 

MHz 

tr,t+ 

Rise time 

0.5 

2.0 

0.5 

2.1 

0.5 

2.2 

ns 

tf.t- 

Fall time 

0.5 

2.0 

0.5 

2.1 

0.5 

2.2 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established- 
Thecircuitisinatestsocketormountedonaprintedcircuitboardand transverseairflowgreaterthanSOOlinearfprn is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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I ECL 1 0KH High Speed 
Emitter Coupled Logic Family 
MC10H100 

Quad 2-Input NOR Gate with Strobe 


Features/ Benefits 

• Propagation delay, 1 ns typical 

• 25 mW typical/gate (no load) 

• Noise margin 150 mV 
I •Voltage compensated 

• ECLIOK-compatible 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H100 

J.N.NL 

Com 


Description 

The M10H100 is a member of Monolithic Memories’ ECL 10KH 
family. This ECL device isa Quad 2-Input NOR Gate with Strobe. 
This device is a functional/pinout duplication of the standard 
ECL 10K family part, with 100% improvement in propagation 
delay and no increase in power supply current. 


Pin Configuration 


MC10H100 

Quad 2-Input NOR Gate with Strobe 


Logic Diagram 

MC10H100 

AouT 
Bout 

^OUT 
^OUT 

2 =4+5 +9 

VcC1 = PiN1 
VCC2 = PIN 16 
VeE = PIN8 




MC10H100 


m 


^OUT VCCI NC VCC2 EOUTI 

BOUT 

DOUT 

AIN 

ECL10KH 



QUAD 


2-INPUT 
NOR GATE 


AIN 

WITH STROBE din I 

BIN 






|2J110J111J|121|131 


03 


Portions of this data sheet reproduced with the courtesy of Motorola Inc. 
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MC10H100 


Absolute Maximum Ratings 

Supply voltage Vee (VcC ”0) 

Input voltage V| (Vcc = 0) 

Output current: 

ContinuQus ..... — . . 

Surge , — . . 


-S.OVtoOVdc 

. 0 Vdc to Vee 


50 mA 
too mA 


Operating Conditions 


1 

SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vee 

Supply voltage 

-5.46 -5.20 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

tstg 

Storage temperature range 

Plastic 

-55 

150 


Ceramic 

-55 

165 


Electrical Characteristics v^e = -5-2 v ± 5 % (see Note) 


SYMBOL 

. 

PARAMETER 

0 ® 

25® 

75® 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

lE 

Power supply current 

— 

29 

— 

26 

— 

29 

mA 

hnH 

Input current HIGH 

Pin 9 

- 

900 

- 

560 

- 

560 

mA 

All other pins 

- 

500 

- 

310 

- 

310 

•inL 

Input current LOW 

0.5 

— 

0.5 

— 

0.3 

— 

mA 

VOH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VoL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics v^e = -5-2 v ± 5 % (Sm Note) 


SYMBOL 

PARAMETER 

0® 

25® 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tpd 

Propagation delay 

Pin 9 

0.65 

1.6 

0.7 

1.7 

0.7 

1.8 

ns 

All other pins 

0.4 

1.3 

0.45 

1.35 

0.5 

1.5 

tr 

Rise time (20%-80%) 

0.5 

2.0 

0.5 

2.1 

0.5 

2.2 

ns 

tf 

Fall time (80%-20%) 

0.5 

2.0 

0.5 

2.1 

0.5 

2.2 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-n resistor to -2.0 V. 
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ECL1 OKH High-Speed 
Emitter-Coupled Logic Family 
MC10H101 
Quad OR/ NOR Gate 


Features/Benefits 

• Propagation delay, 1 ns typical 

• Power dissipation 25 mW/gate 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible. 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MG10H101 

J.N,NL(20) 

Com 


Description 

The MC10H101 is a member of Monolithic Memories’ ECL family. 
This ECL 1 0KH part is a functional/pinout duplication of the 
standard ECL 10K family part, with 100% improvement in prop- 
agation delay, and no increase in power-supply current. 


Pin Configurations 


MC10H101 
Quad OR/NOR Gate 



MC10H101 


a 




BOUT 

VCC1 VCC2g^ 


ECL10KH 



QUAD 

OR/NOR 


AOUT 

GATE 


BOUT 

COUTI 
DOUT 1 

mm 


mm 


|2J|10|[11J|12||1^ 


0 


R 


MC10H101 
Quad OR/NOR Gate 
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MC10H101 


Absolute Maximum Ratings 



Supply voltage (Vqq = 0) 


-aotoovdc 

Input voltage V| (Vqq = 0) 

Output Current: 


.S;...............0Vdct6VEE 

C6ntlnuous . . . . .......... ........ 



Surge 


100 mA 

Operating Conditions 



SYMBOL 

PARAMETER 

COMMERCIAL 

MIN TYP MAX - * 



Electrical Characteristics = -5.2 v ± 5% (see Note) 




Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
MC10H103 

i Quad 2-Input OR Gate 


Features/Benefits 

• Propagation delay, 1.0 ns typical 

• Power dissipation 25 mW/gate 

• Noise margin 150 mV 

• Voltage compensated 

• ECL 10K compatible 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H103 

J,N,NL(20) 

Com 


Logic Diagram 


Description 

The MC10H103 is a member of Monolithic Memories’ ECL 
family. This ECL 10KH part is a functional/pinout duplication of 
the standard ECL 10K family part with 100% improvement in 
propagation delay, and no increase in power-supply current. 


MC10H103 

Quad 2-Input OR Gate 



Pin Configurations 


MC10H103 

Quad 2-Input OR Gate 



MC10H103 


^AOUT 

NC 

COUT 1 

BOUtVCCI VCC2dout[ 

AIN1 

ECLIOKH 

CIN2 

NC 

QUAD 

2-INPUT 

NC 

AIN2 

OR GATE 

CIN1 

BIN1 


DIN2 

1 BIN2 VEE NC COUT DIN1 | 


Isjiioili^liillif 
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MC10H103 


Absolute Maximum Ratings 


Supply voltage (Vqq = 0) -8.0 V to 0 

Input voltage V| (Vqq = 0) 0 to 

Output Current: 

Gontinuous . 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 


0 

75 

°c 

TsTG 

Storage temperature range j 

Plastic 

-55 

150 

op 

Ceramic 

-55 

165 

0 


Electrical Characteristics v^e = -5-2 v ± 5 % (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'E 

Power supply current 

— 

29 

- 

26 

- 

29 

mA 

'inH 

Input current HIGH 

— 

425 

- 

265 

“ 

265 

mA 

•inL 

Input current LOW 

0.5 


0.5 

- 

0.3 

- 

;uA 

I 

0 

> 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

vdc 

VOL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics Vee = - 5.2 v, ± 5 % (See Note) 


SYMBOL 

parameter 

' ' ^ 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

^pd 

Propagation delay 

0.4 

1.3 

0.4 

1.3 

0.4 

1.45 

ns 

‘r.t+ 

Rise time (20%-80%) 

0.5 

1.7 

0.5 

1.8 

0.5 

1.9 

ns 

tf.t- 

Fall time (80%-20%) 

0.5 

1.7 

0.5 

1.8 

0.5 

1.9 

ns 


Note: Each ECL 10KH series circuit has been designed to n^eet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 

MC10H102/Quad 2-Input NOR Gate 
MClOHIOS/Triple 2-3-2 Input OR/NOR Gate 


Featurc»s/Benefits 

• Propagation delay, 1 ns typical 

• Power dissipation 25 mW/gate 

• Noise margin 150 mV 

• Voltage compensated 

• ECL 10K compatible. 

Description 

The MC10H102 and MC10H105 are members of Monolithic 
Memories new ECL family. These ECL 10KH parts are functional/ 
pinout duplications of the standard ECL 10K family parts, with 
100% improvement in propagation delay, and no increase in 
power-supply current. 

Pin Configurations 

MC10H102 

Quad 2-lnput NOR Gate 




Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H102 

J,N,NL(20) 

Com 

MC10H105 


Logic Diagrams 

MC10H102 


MC10H105 



Quad 2-lnput NOR Gate 

MC10H102 

mmmi2oiii9] 

a 

E 



^AOUT NC DOUT 1 

BOUT 

VCC1 VCC2 55UT 

AIN1 

ECL10KH “N* 

NC 

quad 

2-INPUT 

AIN2 

NOR GATE dini 

BIN1 

DOUT O'® 


BIN2 VEE NC 


l9j|l0llllJll2Hl3j 


13 

E 


MC10H105 


a 


^AOUT NC COUT 

jgjj^VCCI VCC2^ 

AiNI 

ECL10KH 

TRIPLE 

! 

CIN2 

NC 2-3-2 INPUT 

NC 

AIN2 

OR/NOR 

GATE 

CIN1 

BOUT 


BiN3 


BOUT VEE NC BIN1 BIN2 


lillioilHiyhal 


E 

E 

iH 

23 

i 3 
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MCI 0H1 02/MCI 0H1 05 


Absolute Maximum Ratings 

Supply voltage (Vqq =0) ; , -8.0 V to 0 

Input voltage Vj (Vqq = 0) ...... .... 0 to Yee 

Output Current: 

Continuous . . .v .. . . i/. .w ... . .. . ..... ;v;. i ^ 50 mA 

Surge 100 mA 


Operating Conditions 


— 

SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 


0 

75 

° c 

■’’STG 

Storage temperature range 

Plastic 

-55 

150 

op 

Ceramic 

-55 

165 

v-» 


Eiectricai Characteristics = - 5 . 2 V ± 5 % (see Note) 


SYMBOL 

PARAMETER 

0° 

0 

u> 

CM 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Ie 

Power supply current 

MC10H102 

- 

29 


26 

— 

29 

mA 

MC10H105 

- 

23 


21 

— 

23 

'inH 

Input current HIGH 

— 

425 

— ^ 

265 

— 

265 

mA 

hnL 

Input current LOW 

0.5 

— 

0.5 

— 

0.8 

— 

fxA 

'^OH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VOL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW Input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics Vgg = -s^ v, ± 5 % (see Note) 


SYMBOL 

... 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

td 

Propagation delay 

MCIOHIO 2 

0.4 

1.25 

0.4 

1.25 

0.4 

1.4 

ns 

MC10H105 

0.4 

1.2 

0.4 

1.2 

0.4 

1.3 

tr,t+ 

Rise time 

MC10H102 

0.5 

1.5 

0.5 

1.6 

0.55 

1.7 

ns 

MCI OH 105 

0.5 

1.5 

0.5 

1.6 


1.7 


Fall time 

MC10H102 

0.5 

1.5 

0.5 

1.6 

0.55 

■*■7 

ns 

MC10H105 

0.5 

1.5 

0.5 

1.6 

0.5 

1.7 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 lineaffprh is rhaintained. Outputs are terminated 
through a 50 ft resistor to -2,0 V. 
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ECL 1 0KH High Speed 
Emitter Coupled Logic Family 
MC10H106 

li-iple 4-3-3 Input NOR Gate 


Features/ Benefits 

• Propagation delay, 1 ns typical 

• 36 mW typical/gate (no load) 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H106 

J. N, NL 

Com 


Description 

The M10H106 is a member of Monolithic Memories’ ECL 10KH 
family. This ECL device is a Triple 4-3-3 Input NOR Gate. This 
device is a functional/pinout duplication of the standard ECL 
10K family part, with 100% improvement in propagation delay 
and no Increase in power supply current. 


Pin Configuration 


MC10H106 

Triple 4-3-3 Input NOR Gate 



Logic Diagram 

MC10H106 



Vcci = PIN1 
VCC2 = PIN 16 
Vee = PIN 8 


MC10H106 


^BOUT 

vcci NCVCC2 COUt| 

AOUT 



AIN 

ECL10KH 

4-3-3 


NC 

INPUT 
NOR GATE 


AIN 


AIN 





I9j|l0|lll||l2||l3j 
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MC10H106 


Absolute Maximum Ratings 

Supply voltage Vee (VcC ” 0) • • • • • • • • • • -8.0 V to O Vdc 

Input voltage Vi (Vcc = 0) • • • • • • • • • • • • • • • • • • • 0 Vdc to Vee 

Output current: 

Continuous ...... .............. . . , . . . . . 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vee 

Supply voltage 

-5.46 -5.20 -4.94 

V 

Ta 

Operating temperature range 

0 

75 


tstg 

Storage temperature range 

Plastic 

-55 

150 

°c 

Ceramic 

-55 

165 


Electrical Characteristics v^e = -5-2 v 15 % (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

lE 

Power supply current 

— 

23 

— 

21 

— 

23 

mA 

linH 

Input current HIGH 

- 

500 

- 

310 

- 

310 

juA 

hnL 

Input current LOW 

0.5 

- 

0.5 

- 

0.3 

- 

mA 

vqh 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH Input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW Input voltage 

-1.95 

1 

-1.48 

t-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics v^e = - 5.2 v ± 5 % (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

' ' j 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


Propagation delay 

0.5 

1.3 

|||Q|||||[ 





tr 


0.5 

■9 


1.8 




tf 

Fall time(80%-20%) 

0.5 

■9 

mm 

1.8 





Note; Each ECL 10KH series circuit 'has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ft resistor to -2.0 V. 
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ECL 10KH High-Speed 
Emitter-Coupled Logic Family 

MCI 0H1 04/MCI 0H1 07 
«Quad 2-Input AND Gate/TTiple 2-Inpul 
Exclusive OR/NOR Gate 


Features/ Benefits 

• Propagation delay, 1 ns typical 

• Power dissipation 35 mW/gate typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H104 and MG10H107 are members of Monolithic 
Memories’ new ECL family. These ECL 10KH parts are func- 
tional/pinout duplications of the standard ECL lOK family parts 
with 100% improvement in propagation delay, and no increase in 
power-supply current. 

Pin Configurations 

MC10H104 


Ordering Information 



Exclusive OR/NOR Gate 



PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H104 

MC10H107 

■ '■■■■■ ■ — 

J,N,NL(20) 

Com 


Logic Diagrams 

MC10H104 


^in2 

®in1 

®in2 

^Inl 

Cin2 

D|n1 




^out 

®put 

^out 


A|n1 

A|n2 


MC10H107 


4 ^ 


Aput 






VCC1 = PIN 1 
VCC2 = PIN 16 
VEE = PIN8 


VCC1 = PIN 1 
veciz = PIN 16 
VEE-PIN8 
PIN 6 = NC 


CIN1 ^ 
COUT it] 
NC 


MC1pH104 

tnmiTlIaoirigl 

/^AOUT NC CIN2 

(TaOUT^'CC' 

AIN1 

quad 

[F NC 2-INPUT NC ^ 
[T AiN2 and GATE ^ 

^ NC ul 

BIN2 VEE NC BINt BOUT 

l^lio|liijli2l|i2j 

MC10H107 

r^AOUT NC COUT 

[T aoDt''“’ ''‘=“coDt 


E 

E 


TRIPLE 


rilAINI imi-i-c CIN2 
^ 2-INPUT 
|nc exclusive NC 
OR/NOR 

0 GATE 

BOUT BINS 

BOUTVEE NC BIN1 BIN2 

Ill|l0|lllj|l2jll3| 
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MC10H104 MC10H107 


Absolute Maximum Ratings 

Power supply (Vqq = 0) ; -8.0 V to 0 Vdc 

Input voltage V( (Vqq = 0) 0 Vdc to V^e 

Output current: 

Continuous ; ... .50 mA 

Surge ...... 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 

MIN TYP MAX 

UNIT 

< 

m 

m 

Supply Voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 75 

°c 

tstg 

Storage temperature range 

Plastic 

-55 150 

°c 

Ceramic 

-55 165 


Riectricai Characteristics v^e = -5.2 v ± 5% (see Note) 


SYMBOL 

PARAMETER 

0 

0 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MlN 

MAX 



MC10H104 

_ 

39 


35 

_ 

39 


'e 

Power supply current 

MC10H107 

- 

31 


28 


31 

mA 

■inH 

Input current HIGH 

- 

425 

- 

265 

- 

265 

mA 

*inL 

Input current LOW 

0.5 

- 

0.5 

- 

0.3 

- 

mA 

I 

0 

> 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

0.735 

Vdc 

VqL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

- 1 .95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1 .95 

-1.45 

Vdc 


Switching Characteristics v^e = -5.2 v, ±5% (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

MC10H104 

0.4 

1.6 

0.45 

1.75 

0.45 

1.9 

ns 

MC10H107 

0.4 

1.5 

0.4 

1.6 

0.4 

1.7 

tr.t+ 

Rise time 

MC10H104 

0.5 

1.6 

0.5 

1.7 

0.5 

1.8 

ns 

MC10H107 

0.5 

1.5 

0.5 

1.6 

0.5 

1.7 

tf,t- 

Fall time 

MC10H104 

0.5 

1.6 

0.5 

1.7 

0.5 

1.8 

ns 

MCI OKI 07 

0.5 j 

1.5 

0;5 

1.6 

0.5 

1.7 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow grater than 500 linear fpm is maintained. 

Outputs are terminated through a 50 fl resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
MC10H109 

Dual 4-5 Input OR/NOR Gate 


Features/ Benefits 

• Propagation delay, 1 ns typical 

• Power dissipation 35 mW/gate typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H109 

J,N,NL(20) 

Com 


Description 

The MC10H109 is a member Of Monolithic Memories’ new ECL 
family. These ECL 10KH parts are functional/pinout duplications 
of the standard ECL 1 0K family parts with 100% improvement in 
propagation delay, and no increase in power-supply current. 


Logic Diagram 


Pin Configuration 


MC10H109 

Dual 4-5 Input OR/NOR Gate 



MC10H109 



^OUT 

AouT 


-14 BquT 
"1® BquT 


Vcci = PIN1 
VcC2 = 16 

Vee = PIN 8 


MC10H109 

mFimiMiiiii 


/aout nc bout 

aoutVCci vccaggo^ 

A1 

DUAL 

B5 

NC 

4-5 INPUT 
OR/NOR 

NC 

A2 

GATE 

B4 

A3 


B3 

A4 

VEE NC B1 

B2 


[9jll0j[llJll2j|l3l 


iE 
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MC10H109 


Absolute Maximum Ratings 


Power supply (^cc “ • • • • * ^ ^ 

Input voltage V| (Vqq = 0) — ..... ... ..... .p Vdc to 

Output current: 

Continuous ......... 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 

MIN TYP MAX 

UNIT 

< 

m 

m 

Supply Voltage 

-5.46 -5.2 “4.94 

V 

Ta 

Operating temperature range 

0 75 

°c 

tstg 

Storage temperature range 

Plastic 

-55 150 

^c 

Ceramic 

-55 165 


Electrical Characteristics = - 5.2 v + m (See Note) 


SYMBOL 

PARAMETER 

0° 

0 

If) 

CM 

0 

in 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'E 

Power supply current 

MC10H109 

- 

15 

- 

14 

- 

15 

mA 

•inH 

Input current HIGH 

- 

425 

- 

265 

- 

265 

mA 

'inL 

Input current LOW 

0.5 

- 

0.5 

- 

0.3 

- 

mA 

X 

0 

> 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

0.735 

Vdc 

Vql 

LOW output voltage 

-1.95 

-1.63 

-1 .95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH Input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics = -5-2 v, ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tpd 

Propagation delay 

0.4 

1.3 

0.4 

1.3 

0.45 

1.45 

ns 

tr,t+ 

Rise time 

0.5 

2.0 

0.5 

2.1 

0.5 

2.2 

ns 

tf,t- 

Fall time 

0.5 

2.0 

0.5 

2.1 

0.5 

2.2 

ns 


Note; Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear f pm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H115 
Quad Line Receiver 


Features/ Benefits 

• Propagation delay 1.0 ns typical 

• Power dissipation, 175 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 


Description 

The MC10H115 is a Quad Differential Amplifier designed for 
use in sensing double-ended signals over long lines. This 
ECL 1 0KH part is a functional/pinout duplication of the standard 
ECL 10K family part, with 100% improvement in counting 
frequency and no increase in power-supply current. 


Pin Configuration 


MC10H115 
Quad Line Receiver 



jiiinR RH 


E 

E 


/aout nc dout 
g^urvcci vcca^ouT 

AIN 

QUAD 

biN 

NC 

LINE 

NC 

AIN 

RECEIVER 

DIN 

BIN 


CIN 

BIN 

VEE NC VBB 

cIn 


!Zl 
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Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H115 

J,N,NL(20) 

Com 


Application Information 

The base bias supply (Vbb) 's made available at pin 9 to make 
the device useful as a Schmitt trigger, or in other applications 
where a stable reference voltage is necesary. Active current 
sources provide the MC10H115 with excellent common mode 
rejection. If any amplifier in a package is not used, one input of 
that amplifier must be connected to Vbb (pin 9) to prevent 
upsetting the current source bias network. 

Logic Diagram 

MC10H115 
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Vcci = PIN 1 
Vcc2 = PIN 16 
VgE = PIN 8 
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MC10H115 


Absolute Maximum Ratings 


Supply voltage Vee (VCC = 0) -S.OVtoOVdc 

Input voltage V| (Vcc = 0) 0 Vdc to Vee 

Output Current: 

Continuous 50 mA 

Surge lOOmA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

- 5.46 - 5.2 - 4.94 

V 

Ta 

Operating temperature range ^ 

0 

75 

°c 

■'’STG 

Storage temperature range 

Plastic 

-55 

150 


Ceramic 

-55 

165 

°c 


Electrical Characteristics v^e = -5.2 v ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75 ^ 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

29 

- 

26 

— 

29 

mA 

•inH 

Input current HIGH 

- 

150 

- 

95 

— 

95 

mA 

'CBO 

Input leakage current 

- 

1.5 

- 

1.0 

- 

1.0 

mA 

'^OH 

HIGH output voltage 

- 1.02 

- 0.84 

- 0.98 

- 0.81 

- 0.92 

- 0.735 

Vdc 

Vql 

LOW output voltage 

- 1.95 

- 1.63 

- 1.95 

- 1.63 

- 1.95 

- 1.60 

Vdc 

VlH 

HIGH input voltage 

- 1.17 

- 0.84 

- 1.13 

- 0.81 

- 1.07 

- 0.735 

Vdc 

V|L 

LOW Input voltage 

- 1.95 

- 1.48 

- 1.95 

- 1.48 

- 1.95 

- 1.45 

Vdc 

< 

CD 

CD 

Reference voltage 

- 1.42 

- 1.28 

- 1.35 

- 1.23 

- 1.295 

- 1.15 

Vdc 


Switching Characteristics Vee = -s-2 v, + 5 % (see Note) 


SYMBOL 

PARAMETER 

0° 

25^ 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tpd 

Propagation delay 

0.4 

1.3 

0.4 

1.3 

0.45 

. 1.45 

ns 

tpH 

Rise time 

0.5 

1.4 

0.5 

1.5 

0.5 

1.6 

ns 

tf.t- 

Fall time 

0.5 

1.4 

0.5 

1.5 

0.5 

1.6 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than SOOlinearfpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
MC10H116 
Triple Line Receiver 


Features/ Benefits 

• Propagation delay 1 ns typical 

• Power dissipation, 85 mW typ/pkg 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H116 is a Triple Line Receiver. This device is a 
member of Monolithic Memories’ new ECL family. It is a functio- 
nal/pinout duplication of the standard ECL 10K family part with 
100% improvement in propagation delay and no increase in 
power-supply current. 

Pin Configuration 

MC10H116 
Triple Line Receiver 



Ordering Information 


PART NUMBER 

PACKAGE TEMPERATURE 

MCI OKU 6 

J,N,NL(20) Com 


Application Information 

The MC10H116 is designed to be used In sensing differential 
signals over long lines. The bias supply (Vbb) is made available 
to make the device useful as a Schmitt trigger, or in other 
applications where a stable reference voltage is necessary. 

Active current sources provide these receivers with excellent 
common-mode noise rejection. If any amplifier In a package Is 
not used, one input of that amplifier must be connected to Vbb 
to prevent unbalancing the current-source bias network. 

The MC10H116 does not have internal-input pull-down resis- 
tors. This provides high impedance to the amplifier input and 
facilitates differential connections. 

Typical applications: 

• Low level receiver 

• Schmitt trigger 

• Voltage level Interface 

Logic Diagram 

MC10H116 


—I I Aqut 

A|N Aquj 



Vcci = PIN 1 
VcC2 = PIN 16 
VgE = PIN 8 
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MC10H116 


Absolute Maximum Ratings 

Supply voltage Vee (VcC = 0) -8.0 V to 0 Vdc 

Input voltage Vj (VcC = 0) 0 Vdc to Vee 

Output Current- 

Continuous .... 50 m A 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

TsTG 

Storage temperature rartge 

Plastic 

-55 

150 

°c 

Ceramic 

-55 

165 


Electrical Characteristics y^E ^ -5.2 v ±5% (See Note) 



PARAMETER 

0° 

25® 

75® 


MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Ie 

Power supply current 

— 

23 


21 

— 

23 

mA 

'inH 

Input current HIGH 

— 

150 


95 

- 

95 

mA 

ICBO 

Input leakage current 

, — 

1.5 

— 

1.0 

— 

1.0 

mA 

00 

00 

> 

Reference voltage 

-1.37 

-1.25 

-1.35 

-1.23 

-1.31 

-1.19 

Vdc 

X 

0 

> 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

Vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage (1) 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage (1) 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 

VCMR 

Common mode range (3) 

- 

- 

-2.85 

-0.8 

- , 

- 

Vdc 

Vpp 

Input sensitivity (4) 

- 

- 

150 typ 

- 

- 

mVPP 


Switching Characteristics vee = -s-2 v. ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0® 

25® 

O 

IS 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

fpd 

Propagation delay 

0.4 

1.3 

0.4 

1-3 

0.45 

1.45 

ns 

tr,t+ 

Rise time 

0.5 

1.5 

. 0.5 

1.6 

0.5 

1.7 

ns 

t,,t- 

Fall time 

0.5 

1.5 

0.5 

1.6 

0.5 

1.7 

ns 


Notes: 1 . When V 0 b is used as the reference voltage. 

2. Each ECL 10KH series circuit has been designed to meet the specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 

Outputs are terminated through a 50-n resistor to -2.0 V. 

3. Differential input not to exceed 1 .0 Vdc. 

4. Differential input required to obtain full logic swing on output. 
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ECL 10KH High-Speed 
Eminer-Coupled Logic Family 
MC10H117 
Dual 2-Wide 2-3 Input 
OR-AND/OR-AND-INVERT Gate 


Features/ Benefits 

• Propagation delay 1 ns typical 

• Power dissipation, 100 mW/gate typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatibie 


Ordering information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H117 

J,N,NL(20) 

Com 


Description 

The MC1 0H1 1 7 is a member of Monolithic Memories’ ECL 1 0KH 
family. This ECL device is a Dual 2 wide 2-3 input OR-AND/OR- 
AND-INVERT gate designed for use in data distribution and as a 
data controller for digital multiplexers. 

This general purpose logic element is a functional pinout dupli- 
cation of the standard ECL 10K part, with 100% improvement in 
propagation delay, and no increase in power-supply current. 


Pin Configurations 


MC10H117 
Dual 2-Wide 2-3 Input 
OR-AND/OR-AND-Invert Gate 



Logic Diagram 


MC10H117 
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MC10H117 


Absolute Maximum Ratings 


Supply voltage Vee (VcC = 0) ....... ... -8;0 V to 0 Vdc 

Input voltage (Vcc = 0) • • • • • • . . . 0 Vdc to Vee 

Output Current: 

Continuous * ... ... .... ...... .... ....... ..... 50 mA 

Surge 100mA 


Operating Conditioiis 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46-5.2-4.94 

V 

Ta 

Operating temperature range 

0 

75 


TsTG 

Storage temperature range 

Plastic 

-55 

150 

0 r' 

Ceramic 

-55 

165 



Electrical Chatacferistics = -u v ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

0 

in 

h- 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

29 

— 

26 

— 

29 

mA 

'inH 

Input current HIGH 

Pins 3,4,5.12,13,14 

— 

465 

- 

275 

- 

275 

juA 

Pin 6,7,10,11 

- 

545 

- 

320 

- 

320 

Pin 9 

- 

710 

- 

415 

- 

415 

•inL 

Input current LOW 

0.5 

— 

0.5 

- 

0.3 

— 

juA 

VOH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

Vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-T-63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW Input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

< 

Q. 

0 


Switching Characteristics v^e = -5-2 v, ±s% (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tpd 

Propagation delay 

0.45 

1.35 

0.45 

1.35 

0.5 

1.5 

ns 

tr,t+ 

Rise time 

0.5 

1.50 

0.5 

1.6 

0.5 

1.7 

ns 

tf.t- 

Fall time 

0.5 

1.50 

0.5 

1.6 

0.5 

1.7 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or rnOunted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 h resistor to -2.0 V. 
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ECL 10KH High-Speed 
Emitter Coupled Logic Family 
MC10H11 8 

Dual 2-Wide 3-Input OR-AND Gate 


Features/Benefits Ordering Information 

• Propagation delay 1 ns typical 

• Power dissipation, 100 mW/Gate typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H118 

J,N,NL(20) 

Com 


Description 

The MC1 0H1 1 8 is a member of Monolithic Memories’ ECL 1 0KH 
family. This ECL device is a Dual 2-Wide 3-Input OR-AND Gate. 
It is a functional pinout duplication of the standard ECL 10K part 
with 100% improvement in propagation delay and no increase in 
power supply current. 


Logic Diagram 


MC10H118 
Dual 2-Wide 
3-Input OR-AND Gate 


Pin Configurations 


MC10H118 

Dual 2-Wide 3-Input OR-AND Gate 
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MC10H118 


Absolute Maximum Ratings 


Supply voltage Vee (VcC = 0) -S.OVtoO Vdc 

Input voltage V| (Vcc =0) • • • 0 Vdc to Vee 

Output Current: 

Gontinuoua • • • • 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 



PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 

-5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

"''STG 

Storage temperature range 

Plastic 

-55 

150 

o/~* 

Ceramic 

-55 

165 



Eiectricai Characteristics = - 5.2 v ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0° 

— 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

29 

— 

26 


29 

rnA 

linH 

^ — 

Input current HIGH 

Pins 3,4,5,12,13,14 

- 

465 

- 

275 

- 

275 

mA 

Pins 6,7;10,11 

— 

545 

- 

320 

- 

320 

Pin 9 

— 

710 

- 

415 

- 

415 

•inL 

Input current LOW 

0.5 

— 

0.5 

- 

0.3 

- 

mA 

Vqh 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VOL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

VlL 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics Vgg = - 5.2 v, ± 5 % (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

^d 

Propagation delay 

0.5 

1.6 

0.5 

1.7 

0.55 

1.85 

ns 

tr,t+ 

Rise time 

0.5 

1.5 

0.5 

1.6 

0.5 

1.7 

ns 

tf,t- 

Fall time 

0.5 

1.5 

0.5 

1.6 


. 1.7 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 

The circuit is in a test sockdt or mounted on a printed circuit board and transverse airflow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-n resistor to -2.0 V. 
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ECL 10KH High-Speed 
Emitter Coupied Logic Family 
MC10H119 

4 -Wide 4 -3 -3 -3 Input OR- AND Gate 


Features/ Benefits 

• Propagation delay 1 ns typical 

• Power dissipation, 100 mW/Gate typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatibie 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H119 

J,N,NL(20) 

Com 


Description 

The MCI 0H1 19 is a member of Monolithic Memories’ ECL 10KH 
family. This ECL device isa4-Wide4-3-3-3 Input OR-AND Gate. 
It is afunctional pinout duplication of the standard ECL 1 0K part 
with 100% improvement in propagation delay and no increase in 
power supply current. 


Pin Configurations 


Logic Diagram 


MC10H119 
4-Wide 4-3-3-3 
input OR-AND Gate 


MC10H119 
4-Wlde4-3-3-3 
Input OR-AND Gate 
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MC10H119 


Absolute Maximum Ratings 

Supply voltage Vee (Vcc = 0) -8.0 V to 0 Vdc 

Input voltage V| (Vcc = 0) ...... 0 Vdc to Vee 

Output Current: 

Continuous ............... 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

’’’STG 

Storage temperature range 

Plastic 

-55 

150 

or' 

Ceramic 

-55 

165 



Electrical Characteristics = -s.2 v ±5% (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Ie 

Power supply current 

— 

29 

— 

26 

- 

29 

mA 

linH 

Input current HIGH 

Pins 3,4,5,6,7,9,11, 
12,13,14,15 

- 

500 

- 

295 


295 

mA 

Pin 10 

— 

610 

- 

360 

- 

360 

•inL 

Input current LOW 

0.5 

- 

0.5 

- 

0.3 

- 

mA 

VOH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VOL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 ' 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics v, ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

All others 

0.7 

2.0 

0.75 

2.0 

0.8 

2.15 

ns 

Pin 10 

0.75 

2.2 

0.75 

2.25 

0.8 

2.35 

tr.t+ 

Rise time 


0.7 

2.4 

0.7 

2.3 

0.7 

2.4 

ns 

tf,t- 

Fall time 


0.7 

2.4 

0.7 

2.3 

0.7 

2.4 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 a resistor to -2.0 V. 
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ECL lOKH High-Speed 
Emitter-Coupled Logic Family 
MC10H121 

4-Wide OR-AND/OR-AND-INVERT Gate 


Features/Benefits 

j • Propagation delay 1 ns typical 
I • Power dissipation, 145 mW typical 
• Noise margin 150 mV 
I • Voltage compensated 
I • ECL lOK-compatibie 

i ■ ;■ - ' 

Description 

The MC10H121 is a 4-Wide OR-AND/OR-AND-iNVERT Gate. 
This dev/ice is a member of Monolithic Memories’ new EGL 
family. This ECL 1 0KH part is a functional/pinout duplication of 
I the standard ECL 10K family part with 100% improvement in 
propagation delay, and no increase in power-supply current. 


Pin Configuration 

MC10H121 

4-Wide OR-AND/OR-AND-INVERT Gate 



MC10H121 

HHniiiMM 
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Ordering information 


PART NUMBER 

package 

TEMPERATURE 

MC10H121 

J,N,NL 

Com 


Logic Diagram 


MC10H121 
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MC10H121 


Absolute Maximum Ratings 

Supply voltage Vee (VcC = 0) 8.0 V to 0 Vdc 

Input voltage Vi (Vcc "0) 0 Vdc to Vee 

Output Current: 

pontinuous 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

P 

75 

°c 

TstG 

Storage temperature range 

Plastic 

-55 

+150 

be 

Ceramic 

-55 

+165 


Electricai Characteristics = - 5.2 v ± 5 % (See Note) 


— 1 

SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 


29 

— 

26 

— 

29 

mA 

‘inH 

Input current HIGH 

Pins 4 -7, 9, 11 -15 


500 


295 

- 

295 

mA 

Pin 10 

— 

610 


360 


360 

*inL 

Input current LOW 

0.5 

- 

0.5 

- 

0.3 

- 

juA 

■ 

X 

0 

> 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

_j 

0 

> 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics = -5.2 v, ±5% (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

All others 

0.55 

1.95 

0:6 

2.0 

0.7 

2.40 

ns 

Pin 10 

0.45 

1.8 

0.45 

1.8 

0.55 

2.2 

tr,t+ 

Rise time 


0.5 

1.7 

0.5 

1.8 

0.5 

1.9 

ns 

tf,t- 

Fall time 


0.5 

1.7 

1 0.5 

1.8 

0.5 

1.9 

ns 


Note; Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
Thecircuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 ft resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
MC10H124 

Quad TTUto-ECL Translator 


I Features/Benefits 

I • Propagation delay 1.5 ns typical 
I • Power dissipation 520 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H124 is a Quad TTL-to-ECL translator. This device is 
a member of Monolithic Memories’ new ECL family. This quad 
translator is used for interfacing data and control signals 
i between a saturated logic section and the ECL section of digital 
systems. The 10KH part is a functional/pinout duplication of the 
i standard ECL 1 0K family part, with 100% improvement in prop- 
agation delay, and no increase in power-supply current. 

I Pin Configuration 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H124 

J, N, NL 

Com 


Application Information 

The MC10H124 has TTL-compatible inputs and ECL comple- 
mentary open-emitter outputs that allow use as an inverting/ 
non-inverting translator or as a differential line driver. When the 
common strobe input is at the low logic level, it forces ail true 
outputs to an ECL low logic state and all inverting outputs to an 
ECL high logic state. 

An advantage of this device is that TTL-level information can be 
transmitted differentially, via balanced twisted-pair lines, to ECL 
equipment, where the signal can be received by the MClOHttS 
or MC10H116 differential line receivers. The power supply 
requirements are ground, +5.0 volts, and -5.2 volts. 


IVIC10H124 

Quad TTL-to-ECL Translator 



minrniioiiiii 


/^AOUT NC 

COUT 

BOUT 

BOUT 

dout 

AOUf 

boDT 

NC 

NC 

AIN 

COUT 

CS 

DIN 

BIN VEE NC 

VCC CIN 



3 


Logic Diagram 


MC10H124 
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MC10H124 


Absolute Maximum Ratings 

Supply voltage Vee (VcC = 5.0 V) -8.0 V to 0 Vdc 

Supply voltage, Vcc (VeE = -5-2 V) 0 to +7.0 Vdc 

Input Voltage, V| (Vqq = 5.0 V) • ..... . . .... ... .... ..... OVdcto S/qC 

Output Current: 

Continuous .... . . . . . . . T 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 

-5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

Tstg 

Storage temperature range 

Plastic 

-55 

+150 

°c 

Ceramic 

-55 

+165 


Electrical Characteristics = -5.2v±5% v^c = 5.0 v +5% (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e ; 

Negative power supply drain current 

— 

72 

r _ 

66 

— 

72 

mA 

'CCH 

Positive power supply drain current* 

— 

16 

— 

16 


18 

mA 

'CCL 

— 

25 

— 

25 

- 

25 

mA 

l|H 

Input current HIGH 
(V| = 2.4 V) 

Pin 6 

. — 

200 

- 

200 

- 

200 

mA 

Pins 5. 7. 10, 11 

— 

50 


50 

- 

50 

l|L 

Input current LOW 
(V| = 0.4V) 

Pin 6 

- 

-12.8 


-12.8 

- 

-12.8 

mA 

Pins 5, 7,10,11 

— 

-3.2 

— 

-3.2 

— 

-3.2 

'l 

Ihput breakdown current (Vj^ = 5.5 V) 

— 

1.0 

- : 

1.0 

— 

1.0 

mA 

V|C 

Input clamp voltage (-10 mA, pins 5,7,10,11) 
(-20 mA, pin 6) 

- 

-1.5 

- , 

-1.5 

- 

-1.5 

Vdc 

VqH 

HIGH output voltage 

-1.02 

-0.84 

-0.96 

-0.81 

-0.92 

-0.735 

Vdc 

Vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

2.0 

- 

2.0 

— 

2.0 

- 

Vdc 

V|L 

LOW input voltage 

- 

0.8 

- 

0.8 

- 

0.8 

Vdc 


Switching Characteristics v^e = -5-2 v, ±5% (See Note) 


SYMBOL 

PARAMETER 

0° 

ur> 

CM 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tpd 

Propagation delay 

0.55 

2.25 

0.55 

2.4 

0.85 

2.95 

ns 

tr,t+ 

Rise time 

0.5 

1.5 

0.5 

1.6 

0.5 

1.70 

ns 

tf.t- 

Fall time 

0.5 

1.5 

0.5 

1.6 

0.5 

1.70 

ns 


Note: Each ECL lOKH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear f pm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. . 

* ICCH — Gurrent drain from Vcc power supply with all inputs at Logic HIGH level 
ICCL — Current dram from Vqc power supply with all inputs at Logic LOW level. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
MC10H125 

Quad ECL-to-TTL Translator 


PRELIMINARY 

INFORMATlbN 

This document contains spe- 
cifications and information 
which are subject to change. 


Features/Benefits 

• Propagation delay, 2.5 ns typical 

• Power Dissipation 520 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MCI OH 125 

J,N,NL(20) 

Com 


Description 

The MC10H125 is a member of Monolithic Memories’ ECL fam- 
ily. The MC10H125 is a quad translator for interfacing data and 
control signals between the ECL section and TTL compatible 
section of digital systems. The 10KH part is a functional/ pinout 
duplication of the standard ECL 10K family part, with 100% 
improvement in propagation delay, and no increase in power- 
supply current. 


Application Information 

The MC10H125 incorporates differential inputs and Schottky 
TTL “totem pole” outputs. The differential inputs don’t have 
input pull-down and allow for use as an inverting/non-inverting 
translator or as a differential line receiver. The V 0 b reference 
voltage is available from Pin 1 for use in single-ended input 
biasing. The outputs of the MC10H125 go to a low logic level 
whenever the inputs are left floating. 

An advantage of this device is that ECL-level information can be 
received via balanced twisted pair lines in the TTL equipment. 
This isolates the ECL-logic from the noisy TTL environment. 
Power supply requirements are ground, +5.0 volts and -5.2 volts. 


Pin Configuration 

MC10H125 

Quad ECL-to-TTL Translator 


''bb E 


2^ Gnd 

^ d 


E Bln 

^n [I 



Aoul E 


”1 “out 

®out E 


1 Cout 

^E 


3C|n 

B|nE 



''eeE 


3 Vcc 


Ain 

Aout 


^ TRANSUTOR^ . 

Bout Cout 


Bin Cin 

Bin VEE NC VCC Cin 

liJlMliiJlIiTHr 


Logic Diagram 


MC10H125 

mmmisoiR 

' Ain VBB NC GND Din 

Din 1^ 

^ QUAD 

i6|NC TTL-TO-ECL NC 

E 
E 


MC10H125 
Quad ECL-to-TTL 
Translator 


A|„ — 2 — *4^ 


B|n- 

B|n- 






Din »4r 


13 


- Aout 


- Bout 


- Cout 


■Cout 
- VBB 


Gnd = Pin 16 
Vcc (+ 5.0 Vcte) = Pin 9 
VeE (-5.2 Vdc) = Pin 8 
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MC10H125 


Absolute Maximum Ratings 

Power supply (Vqq + 5.0 V) 

Power Supply Vqq = -5.2 V) 

Input voltage V| (Vqq = 5.0 V) 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 

MIN TYP MAX 

UNIT 

< 

m 

m 

Supply Voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 75 

°c 

TsTG 

Storage temperature range 

Plastic 

-55 150 

°c 

Ceramic 

-55 165 


-S.OVtoOVdc 
OVto +7.0 Vdc 
. .0 Vdc toV^E 


Electrical Characteristics = -5.2 v t s%, v^c = 5.0 v + s% (See Note) 


SYMBOL 

PARAMETER 

0° 

0 

in 

CM 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Negative power supply drain current 

— 

44 

_ 

40 

- 

44 

mAdc 

'CCH 

Positive power supply drain current 

Outputs = H 

— 

63 

— 

63 

- 

63 

mAdc 

'CCL 

Outputs - L 

_ 

40 

- 

40 

- 

40 

•inH 

Input current 

— 

225 

— 

145 

- 

145 

)uAdc 

'CBO 

Input leakage current 

— 

1.5 

— 

1.0 

— 

1.0 

fxAdc 

Vqh 

HIGH output voltage 

IOH = -1 mA 

2.5 

- 

2.5 

— 

2.5 

~ 

Vdc 

VoL 

LOW output voltage 

■OL =+20mA 

— 

0.5 

— 

0.5 

— 

0.5 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 

'os 

Short circuit current 

60 

150 

60 

150 

60 

150 

mAdc 

VbB 

Reference voltage 

-1.37 

-1.25 

-1.35 

-1.23 

-1.31 

-1.19 

Vdc 


Switching Characteristics = -5.2 v, ±5% (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 


UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tpd 

Propagation delay* 

0.8 

3.3 

0.85 

3.35 

0.9 

3.4 

hs 

tpt+ 

Rise time 

0.3 

1.2 

0.3 

1.2 

0.3 

1.2 

ns 

tf,t- 

Fall time 

0.3 

1.2 

0.3 

1.2 

0.3 

1.2 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 a resistor to -2.0 V. 

* Drives a 25-pF load. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
Dual Latch 
MC10H130 


Features/Benefits 

I • Propagation delay, 1 ns typical 
I • Power dissipation, 155 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H130 is a dual latch which has two different mechan- 
isms to retain data through latch control signals. Each latch can 
be operated separately by holding the common latch control 
signa l (C) L OW, then switching an individual latch control signal 
(CE1/CE2) from LOW to HIGH to cause retention of data in the 
relevant l atch . If s imul taneous operation of both latches is 
required, CE1 and CE2 are held LOW and the common latch 
I control C is switched from LOW to HIGH. 

For either latch, data present at the Inputs (D1/D2) will be seen at 
the outputs (Q1/Q1 and Q2/Q2) when both latch control signals 
i are LOW. This condition allows data to be setup within the latch, 

I after which time causing a positive transition to the HIGH state 
I on either or both latch control signals causes data retention. 

After either or both of these signals are HIGH, subsequent 
I changes in data at an input are Ignored by the latch, provided the 
I hold time requirement is met. 

i An alternative means to load data In the latches Is to use the 
! direct set and reset (S1/S2 and R1/R2, respectively) lines. These 
! inputs do not override the latch controls, orth eD inputs. Instead, 
set or reset are only effective when either C, CE1/CE2 or both, 
i are HIGH. Note that this relationship is different than the case for 
a similar part, the MC10H131, which is a Dual Master-Slave 
D-type Flip-Flop. 

Function Table 


D 

c 

CE1/CE2 

R 

S 

Qn=1 

L 

L 

L 

X 

X 

L 

H 

L 

L 

X 

X 

H 

X 

H 

X 

L 

L 

Qn 

X 

H 

X 

L 

H 

H 

X 

H 

X 

H 

L 

L 

X 

H 

X 

H 

H 

N.D. 

X 

X 

H 

L 

L 

Qn 

X 

X 

H 

L 

H 

H 

X 

X 

H 

H 

L 

1 ■ L 

X 

X 

H 


H 

1 N.D. 


X = Don’t Care 
N.D. - Not Defined 


Ordering Information 


PART NUMBER 

PACKAGE 

. 

TEMPERATURE 

MC10H130 

J,N,NL(20) 

Com 


Logic Diagram 


MC10H130 
Dual Latch 


51 

D1 

CE1 

R1 

C 

R2 

D2 

52 


5 



Pin Configurations 

MC10H130 

Dual Latch MC10H130 
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MC10H130 


Absolute Maximum Ratings 

Supply voltage V^e (Vqq = 0) 

Input voltage V| (Vqq = 0) 

Output Current: 

Continuous 

Surge 


-8.0Vto0Vcic 
• OVdctoVEf 

50 m A 

100 mA 


Operating Conditions 



Eiectrical Characteristics Vee = -5.2 V ±5% (See Note) 


0° 

25° 

75° 


SYMBOL PARAMETER 




UNIT 


MIN MAX 

MIN MAX 

MIN MAX 



'e 

Power supply current 


38 

_ 

35 

— 

38 

mA 


Pins 6, 11 

- 

468 . 

- 

275 

- 

275 


•inH 

Input current HIGH Pins 7, 9, 10 

- 

545 

- 

320 

- 

320 

mA 


Pins4, 5, 12, 13 

- 

434 

- 

255 

- 

255 


hnL 

Input current LOW 

0.5 

- 

0.5 

- 

0.3 

- . 

mA 


HIGH output voltage 

-1.02 

—0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VOL 

LOW output voltage 

-1.95 

-1-63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics vee = -5.2 v ±5% (See Note) 



Note; Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are termihated 
through a 50 ft resistor to -2.0 V. 
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ECL10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H131 

Dual Master-Slave Type D Flip-Flop 


Features/ Benefits 

• Propagation delay, 1 ns typical 

• Power dissipation, 235 mW typical 

• Noise margin of 150 mV 

• Voltage compensated 

• ECLIOK-compatible 

Description 

The MC10H131 is a member of Monolithic Memories’ ECL 
family. The MC10H131 is a dual master-slave D-type flip-flop. 
Asynchronous Set (S) and Reset (R) override Clock (Cq) and 
Clock Enable (CE) inputs. Each flip-flop may be clocked 
separately by holding the common clock in the low state and 
using the enable inputs for the clocking fuction. If the common 
clock is to be used to clock the flip-flop, the Clock Enable inputs 
must be in the low state. In this case, the enable inputs perform 
the function of controlling the common clock. 

The output states of the flip-flop change on the positive transition 
of the controlling input(s). A change in the information present 
at the data (D) input will not affect the data output at any other 
time due to master slave construction. 

This ECL 10KH part is a functional/pinout duplication of the 
standard ECL 10K family part, with 100% improvement in clock 
speed and propagation delay and no increase in power supply 
current. 

Function Tables 



C = CE + Cc- 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H131 

J,N,NL(20) 

Com 


Logic Diagram 

MC10H131 

Dual Master-Slave Type D Flip-Flop 



> : denotes edge triggered clock 


Pin Configurations 


MC10H131 

Dual Master-Slave Type D Flip-Flop MC10H131 
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MC10H131 


Absolute Maximum Ratings 


Supply voltage (Vqq = 0) -8.0 to 0 

Input voltage Vj (Vqq = 0) • ♦ • • • — • • 0 ^6c ^EE 

Output Current; 

Continuous ........... ...... . . y. . . . . . ... . . . . . • ? • • • • • ... V • V’ * e • V’ •••••• • • 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°C 

’’’STG 

Storage temperature range 

Plastic 

-55 

150 

°c 

Ceramic 

-55 

165 



Electrical Characteristics v^e = -5.2 v ±5% (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Ie 

Power supply current 

— ^ 

62 

- 

56 

- 

62 

mA 

>inH 

Input current HIGH 

Pins 6, 11 

— 

530 

— 

310 


310 

mA 

Pin9 

— 

660 

— 

390 

— . , 

390 

Pins 7, 10 

— 

485 

— 

285 

— 

285 

Pins 4, 5, 12, 13 

— 

790 

— 

465 

— 

465 

hnL 

Input current LOW 

0.5 


0.5 


0.3 

- 

^lA 

VqH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VoL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH Input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics = -5.2 v, ±5% (See Note) 


SYMBOL 

..... - ...... 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

5 Clock, CE 

0.80 

1.6 

0.8 

1.7 

0.8 

1.8 

ns 

Set, Reset 

0.6 

1.6 

0.7 

1.7 

0.7 

1.8 

tpt+ 

Rise time (20%-80%) 

0.6 

2.0 

0.6 

2.0 

0.6 

2.2 

ns 


Fall time (80%-20%) 

0.6 

2.0 

0.6 

2.0 

0.6 

2.2 

ns 

w 

Setup time 

0.7 

— 

0.7 

- 

0.7 

- 

ns 

^hold 

Hold time 

0.8 

. - 

0.8 

- 

0.8 

— 

ns 

^tog 

Toggle frequency 

250 

- 

250 

- 

250 

- 

MHz 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been, established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear f pm is maintained. Outputs are terminated 
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MC10H131 


Switching Time Comparison 
ECL 10KH versus ECL 10K 


CLOCK TO O f'l r\f^w -rn rt 



tr FOR MC10H131: 1.4 ns t, FOR MCI 0H1 31: 1.2 ns 

trFORMC10131:2.0ns tj FOR MCI 01 31: 1.4 ns 


SET/RESET TOO SET/RESET TOO 



V FOR MC10H131: 1.5 ns L FOR MC10H131: 1.2 ns 

FOR MC10131: 2.1 ns t, FOR MC10131: 1.5 ns 


NOTE: and t| measured from the 20% to the 80% level of the output signal swing. 

tp^ is measured from the 50% level of the input to the 50% level of the output. 









ECL l OKH High-Speed 
Emitter-Coupled Logic Family 
MC10H136 

Universal Hexadecimal Counter 


Features/ Benefits 

• Counting frequency, 250 MHz min. 

• Power dissipation, 715 mW typicai 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatibie 

Description 

The MC10H136 is a high-speed synchronous hexadecimal 
counter. This device is a member of Monolithic Memories’ new 
ECL 10KH family. This 10KH part is a functional/pinout duplica- 
tion of the standard ECL 10K family part, with 100% improve- 
ment in propagation delay, and no increase in power-supply 
current. 

Pin Configuration 

MC10H136 

Universal Hexadecimal Counter 



MC10H136 

[TlfTirniaollisI 



^ Q2 VCC1 

NC VCC2 Q1 




n 

Q3 

QO 

m 

1 

CARRY OUT 

CLOCK 

EB 

E 

NC 

NC 

m 

E 

D3 

DO 

EB 

E 

D2 

CARRY 

ED 


S2 VEE 

NC S1 IN 



19J110||11J|1^|13] 


Ordering information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H136 

J. N, NL 

Com 


Appiication Information 

The MC10H136 isa high-speed synchronous counter that oper- 
ates at 250 MHz. Counter operating modes include count up, 
count down, preset and hold count. This device allows the 
designer to use one basic counter for many applications. 

The S'), S2 control lines determine the operating modes of the 
counter. In the preset mode, a clock pulse is necessary to load 
the counter with the information present on the data inputs (Dq, 
D-i , D2 and D3). Carry out goes low on the terminal counter or 
when the counter is being preset. 


Function Seiect Tabie 


Si 

$2 

OPERATING MODE 

; L, 

L 

Preset (Program) 

L 

H 

Increment (Count up) 

■ H 

L ! 

Decrement (Count down) 

H 

H 

Hold (Stop count) 
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MC10H136 


Logic Diagram 



Vcc2 = P'N 16 
= PIN 8 


Sequential Ti’uth Table* 


INPUTS 

OUTPUTS 


S2 

Do 

Dl 

D2 

Dg 

CARRY 

IN 

CLOCK 

O 

o 

Qi 

Q2 

^3 

CARRY 

OUT 

SELECT 

MODE 

L 

L 

L 

L 

H 

H 

X 


— 

L 

L 

H 

H 

L 

Preset 

L 

H 

X 

X 

X 

X 

L 


H 

L 


H 

H 

Increment 

1 L 

H 

X 

X 

X 

X 

L 


L 

H 

H 

H 

H 

Increment 

L 

H 

X 

X 

X 

X 

L 


H 

H 

H 

H 

L 

Increment 

* L 

H 

X 

X 

X 

X 

H 


H 

H 

H 

H 

H 

Increment 

! L 



H 

X 

X 

X 

X 

H 


H 

H 

H 

H 

H 

Increment 

1 H 

H 

X 

X 

X 

X 

X 


H 

H 

H 

H 

H 

Hold 

I 

i L 

L 

H 

H 

L 

L 

X 


H 

H 

L 

L 

L 

Preset 

i H 

L 

X 

X 

X 

X 

L 


L 

H 

L 

L 

H 

Decrement 

H 

L 

X 

X 

X 

X 

L 


H 

L 

L 

L 

H 

Decrement 

! ^ 

L 

X 

X 

X 

X 

1' L 


L 

L 

L 

L 

L 

Decrement 

i H 

L 

X' 

X 

X 

X 

L 

_y” 

H 

H 

H 

H 

H 

Decrement 


X ^ Don’t care. 

* Truth table shows logic states assuming that the inputs vary in sequence from top to bottom, as shown. 

The states of the Q0-Q3 outputs are shown assuming the occurance of a L-to-H edge transition (e.g. after clocking). 
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MC10H136 


Absolute Maximum Ratings 

Supply voltage Vee (VcC = 0 V) -8.0 V to 0 Vdc 

Input voltage V| (Vcc = 0 V) 0 Vdc to Vee 

Output Current: 

Continuous . . . 50 mA 

Surge ....... .. .. . — 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vee 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 


TsTG 

Storage temperature range 

Plastic 

-55 

+150 

°c 

Ceramic 

-55 

+165 


Electrical Characteristics = -5.2 v ± 5 % (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

: — 

165 

— 

150 

— 

165 

mA 

‘inH 

Input current HIGH 

Pins 5, 6, 11, 12, 13 

- 

430 

- 

275 

- 

275 

mA 

Pin 9 

- 

670 

- 

420 

- 

420 

Pin 7 


535 

- 

335 

- 

335 

Pin 10 



— 

380 

— 

240 


240 

*inL 

Input Current LOW 

0.5 

- 

0.5 

- 

0.3 

- 

mA 

< 

0 

1 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VoL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H ' 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 

The Circuit is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500 lindar fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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MC10H136 


Switching Characteristics v^e = -5.2 v, ±5% (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

*pd 

Propagation delay 

Clock to Q 

0.7 

2.3 

0.7 

2.4 

0.7 

2.5 

ns 

Clock to carry out 

1.0 

4.8 

1.0 

4.9 

1.0 

5.0 

Csirry in to carry out 

0.7 

2.5 

0.7 

2.6 

0.7 

2.7 

^set 

Setup time 

Data (DO to C) 

2.0 

— 

2.0 

- 

2.0 

. 

ns 

Select (S to C) 

3.5 

— 

3.5 

- 

3.5 

- ' 

Carry in (Cin to C) 

2.0 

- 

2.0 

- 

2.0 

- 

Carry in (C to Cin) 

0 

— 

0 

- 

0 

— 

^hold 

Hold time 

Data (C to DO) 

0 

— 

0 

— 

0 

— 

ns 

Select (C to S) 

-0.5 

— 

-0.5 

- 

-0.5 

- 

Carry in (C to Cin) 

0 

- 

0 

' — ' ■ 

0 

- 

Carry in (Cin to C) 

2.2 

— 

2.2 

- 

2.2 

, — ■ . 

^count 

Counting frequency 

250 

— 

250 

— 

250 


MHz 

tpt+ 

Rise time 

0.5 

2.3 

I 

0.5 

2.4 

0.5 

2.5 

ns 

tf.t- 

Fall time 

0.5 

2.3 

0.5 

2.4 

0.5 

2.5 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test tabfe, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linearfpm is maintained. Outputs are terminated 
through a 50 fl resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 

MC10H141 

Four-Bit Universal Shift Register 


PRELIMINARY 

INFORMATION 

This document contains spe- 
cifications and information 
which are subject to change. 


Features/Benefits 

• Shift frequency, 250 MHz min 

• Power dissipation, 425 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H141 is a four-bit universal shift register which per- 
forms shift-left, or shift-right, serial/parallel in, and serial/parallel 
out operations with no external gating. Inputs SI and S2 control 

(See following page) 

Function Table 


SELECT 

OUTPUTS 

OPERATING 

SI 

S2 

QOn-1 


1 

O 

Q3n.1 

MODE 

L 

L 

DO 

D1 

D2 

D3 

Parallel entry 

L 

H 

Qin 

Q2n 

c 

00 

O 

DR 

Shift right* 

H 

“Tl 

DL 

QOn 

Qin 

c 

CM 

O 

Shift left* 

H 

L 

QOn 

Q1n 

C 

CM 

O 

c 

CO 

O 

Stop shift 


* Outputs as exist after pulse appears at “C” input with input conditions as 
shown (Pulse Positive transition of clock input). 


Ordering Infornurtion 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H141 

J,N,NL(20) 

Com 


MC10H141 

Four-Bit Universal Shift Register MC10H141 



Logic Diagram 



> : Denotes edge triggered clock 


Q3 


Q2 


Q1 


QO 
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MC10H141 


Absolute Maximum Ratings 


Supply voltage, V^e (Vqc = 0) -8.0 V to 0 

Input voltage, V| (Vqc " 0 to V^e 

Output Current; 

Continuous 50 mA 

Surge 100 mA 


Surge 100 mA 

Operating Conditions 


SYMBOL 

PARAMETER 

MILITARY 

MIN TYP MAX 

UNIT 

■9991 

Supply voltage 

-5.46 -5.2 -4.94 

V 

mm 

Operating free-air temperature 

0 

75 

®c 


Storage temperature range 

Plastic 

-55 

150 

°c 

Ceramic 

-55 

165 


Electrical Characteristics Vee = -5.2 v ±5% (see Note) 


SYMBOL 

PARAMETER 

-■ .. , ...... , 

0 ° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

. . . .,J 

MAX 

MIN 

MAX 

: 

'E , 

Power supply current 

— 

112 


102 

— 

112 

m A 

'inH 

Input current HIGH 

Pins 5, 6, 9, 11, 12, 13 

- 

405 

- 

255 


255 

mA 

Pins 7, 10 

- 

416 

- 

260 

- 

260 

Pins 4, 

— 

510 

— 

320 


320 

hnL 

Input current LOW 

0.5 

— 

0.5 

— 

0.3 

— 

fxA 

VqH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 1 

Vdc 

VOL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

I- 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW Input voltage 

-1.95 

1- 

-1.48 

-1.95 

-1.48 

-0.95 

-1.45 

Vdc 


Switching Characteristics Vgg = -5.2 v, ±5% (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

^pd 

Propagation delay 

1.1 

2.0 

1.0 

2.0 

1.1 

2.1 

ns 

^hold 

Hold time 

1.0 

— 

1.0 

- 

1.0 

- 

ns 

^set 

Setup time 

Data 

1.5 

— 

1.5 

- 

1.5 


ns 

Select 

3.0 

- 

3.0 

- 

3.0 

- 

tpH 

Rise time 

0.5 

2.4 

0.5 

2.4 

0.5 

2.4 

ns 

tf.*- 

Fall time 

0.5 

2.4 

0.5 

2.4 

0.5 

2.4 

ns 

^shift 

Shift frequency 

250 

- 

250 

- 

250 

- 

MHz 


NOTE: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a son resistor to -2.0 V. 


Description (Continued) 

the four possible operations of the register without external gating 
of the clock. The flip-flops shift information on the positive edge 
of the clock. The four operations are stop shift, shift-left, shift- 
right, and parallel entry of data. The other six inputs are all data 


type inputs; four for parallel entry data, and one for shifting in from 
the left (DL) and one for shifting In from the right (DR). This device 
Is a functional/pinout duplication of the standard ECL 10K part, 
with 1 00% improvement In propagation delay and operation fre- 
quency and no increase in power supply current. 
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ECL10KH High-Speed 
Emitter-Coupled Logic Family 
MCI OKI 58 

QUAD 2 -Input Multiplexer 


PRELIMINARY 

INFORMATION 

This document contains spe- 
cifications and information 
which are subject to change. 


Features/Benefits 

• Propagation delay, 1.5 ns typical 

• Power dissipation, 197 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECLIOK-Compatible 

Description 

The MC10H158 is a member of Monolithic Memories’ ECL 
Family. The MC10H158 is a quad 2-input multiplexer. When the 
select line (SELECT) is LOW D_1 data appear at the outputs 
(Q3-Q0). Conversely, when the select input is HIGH, D_0 data 
appear at the outputs. This ECL part is a functional/pinout 
duplication of the standard ECL 10K family part, with 100% 
improvement in propagation delay and no increase in power- 
supply Current. 


MC10H1! 

18 Function Table 

SELECT 

D_0* 

D_1* 

Q 

L 

X 

L 

L 

L 

X 

H 

H 

H 

L 

X 

L 

H 

H 

X 

H 


* D_0/D_1 indicate each of four bit positions for the "zero” or "one” inputs, 


as controlled by the select line. 
X = Don’t care. 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H158 

J,N,NL(20) • 

Com 


Logic Diagram 

MC10H158 

Quad 2-Input Multiplexer 



Vcc Pin 16 


Pin Configurations 


MC10H158 

Quad 2-Input Multiplexer 



MC10H158 

mmmisoiR 


E 

E 

E 

i 

E 





Idii 



1^9 

ECL10KH 


NC 

QUAD 

2-INPUT 


D01 

MUX 

D2l| 

DOO 



IKS 




[9jll0|[rii|12lll3l 


iU 

a 

in 

in 

in 
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MC10H158 


Absolute Maximum Ratings 


Supply voltage, V^e (Vcc " 0) • • ■ • • ° ° '^dc 

Input voltage, V| (Vqc = 0) . . . ................ ... ,. .OVjjc to 

Output Current: 

Continuous — . . . — . . . : 50 mA 

Surge .100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply Voltage 

-5.46 

-5.2 -4.94 

V 

Ta 

Cperating temperature range 

0 

75 

°C 

‘''STG 

Storage temperature range 

Plastic 

-55 

150 

°C 

Ceramic 

-55 

165 



Electrical Characteristics = -5.2 v ±5% (See Note) 


SYMBOL 

PARAMETER 

. .v : 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

53 

— 

48 


53 

mA 

■inH 

Input current HIGH 

Pin 9 

— 

475 


295 

- 

295 

mA 

Pins 3-6 and 10-13 

— 

515 

- 

320 

- 

320 

hnL 

Input current LCW 

0.5 


0.5 

— 

0.3 

- 

/xA 

VqH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0,735 

Vdc 

Vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics ^ v, ±5'>/o (See Note) 


— 

SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

Data 

0.5 

1.9 

0.5 

1.9 

0.5 

2.0 

ns 

Select 

1.0 

2.9 

1.0 

2.9 

1.0 

2.9 

tpt-H 

Rise time 


0.7 

2.2 

0.7 

2.0 

0.7 1 

2.2 

ns 

tf, t- 

Fall time 


0.7 

2.2 

0.7 

2.0 

0.7 

2.2 

ns 


NOTES: Each ECL 10 KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 

The circuit is in a test socket or mounted on a printed circuit board and transverse air flow.greater than 600 linear fpm is maintained. Outputs are terminated 
through a 50il resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
MC10H159 


PRELIMINARY 

INFORMATION 

This document contains spe- 
cifications and information 
which are subject to change. 


Quad 2-lnput Inverting Multiplexer with Enable 


Features/Benefits 

• Propagation delay, 1.5 ns typical 

• Power dissipation, 218 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatibie 

Description 

The MC10H159 is a member of Monolithic Memories’ ECL 
family. The MC1dH159 Is a quad 2-input inverting multiplexer 
with enable. A HIGH level on the enable input (ENABLE) 
overrides the select input (SELECT) and forces all of the outputs 
(Q3-Q0) to the LOW level. A LOW level on the enable input 
allows multiplexer action, which is controlled by the select input. 
When the select Input Is LOW, D_1 data appear at the outputs. 
Conversely, when the select input is HIGH, Q_0 data appear at 
the outputs. 


MC10H159 Function Tabie 



* D_0/D_1 indicate each of 4 bit positions for the “zero” or “one” inputs, 


as controlled by the select line. 

X = Don’t care. 

Pin Configurations 

MC10H159 

Quad 2-lnput Inverting Multiplexer with Enable 



Ordering information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H169 

J,N,NL(20) 

Com 


Logic Diagram 

MC10H159 

Quad 2-lnput Inverting Multiplexer with Enable 

SELECT 
D01 
DOO 

D11 
DIO 
ENABLE 

D21 
D20 

D31 
D30 


MC10H159 
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MC10H159 


Absolute Maximum Ratings 


Supply voltage V^e (Vqc = 0) -8.0 tp 0 

Input voltage Vj (Vqq = 0) 0 to V^e 

Output Current: 

Continuous 50mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Cperating temperature range 

0 

75 

°c 

TSTG 

Storage temperature range 

Plastic 

-55 

150 

op 

Ceramic 

-55 

165 

u 


Eiectricai Characteristics v^e = -5.2 v ±5% (See Note) 


SYMBOL 

PARAMETER 


25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'E 

Power supply current 

— 

58 

- 

53 

- 

58 

mA 

•inH 

Input current HIGH 

Pin 9 

- 

475 


295 

- 

295 

mA 

Pins 3-7 and 10-13 


515 

- 

320 

- 

320 

hnL 

Input current LCW 

0.5 

— 

0.5 

- 

0.3 

- 

mA 

VCH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

Vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.75 

-1.45 

Vdc 


Switching Characteristics vee = - 5.2 v, ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0° 

0 

u> 

CM 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

^d 

Propagation delay 

Data 

0.5 

2.2 

0.5 

2.2 

0.5 

2.2 

ns 

Select 

1.0 

3.2 

1.0 

3.2 

1.0 

3.2 

Enable 

1.0 

3.2 

1.0 

3.2 

1.0 

3.2 

tpH 

Rise time 

0.5 

2.2 

0.5 

2.2 

0.5 

2.2 

ns 

tf.t- 

Fall time 

0.5 

2.2 

0.5 

2.2 

0.5 

2.2 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specificatioris shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear f pm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
MC10H160 

1 2-Bit Parity Generator-Checker 


Features/Benefits 

• Propagation delay, 2.5 ns typical 

• Power dissipation, 320 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatibie 

Description 

The MC10H160 is a member of Monolithic Memories’ new ECL 
family. The MC1 0H1 60 is a 1 2-bit parity generator-checker. The 
output goes high when an odd number of inputs are high provid- 
ing the odd parity function. Unconnected inputs are pulled to a 
logic low allowing parity detection and generation for less than 
1 2 bits. The MC1 0H1 60 is a functional/pin out duplication of the 
standard ECL 10K family part with 1 00% improvement in propa- 
gation delay and no increase in power-supply current. 

Pin Configuration 

MC10H160 

12-Bit Parity Generator-Checker 



Ordering Information 



Logic Diagram 

MC10H160 

12-Bit Parity Generator-Checker 
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MC10H160 


Absolute Maximum Ratings 


Power supply V^e (Vqq = 0 V) -8.0 V to 0 Vdc 

Input voltage V| (Vqq = 0 V) 0 Vdc to 

Output Current; 

Continuous 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

i 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

+75 

®c 

■''STG 

Storage temperature range 

Plastic 

-55 

+150 

°c 

Ceramic 

-55 

+165 


Electrical Characteristics = -5.2 v ± 5% (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 


MIN 

MAX 

MIN 

MAX 

Min 

MAX 

Ie 

Power supply current 

— 

88 

— 

78 

— 

86 

mA 

’inH 

Input current HIGH 

Pins 3,5.7,10,12,14 

- 

391 


246 

. — 

246 

mA 

Pins 4,6,9,11,13,15 

— 

457 

- 

285 


285 

•inL 

Input current LOW 

0.5 

— 

0.5 

— 

0.3 

— 

iuA 

Vqh 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VOL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics = -5.2v ±5% (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

IIIIIIQ^yillll^ 

Propagation delay 



1.1 


1.2 

3.5 

ns 

HQI 

Rise time 

BSli 

1.5 


1.6 


1.7 

ns 

BB 

Fall time 

HSU 


0.55 

1.6 

0.75 

1-7 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
MC10H161 

Binary to 1 -of-8 Decoder 


Features/ Benefits 

• Propagation delay, 1 ns typical 

• Power dissipation, 315mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H161 is a high-speed Binary to 1-of-8 Decoder. This 
device is a member of Monolithic Memories’ expanding ECL 
10KH family. This ECL device is designed to decode a three-bit 
word to a one-of-eight line output. The selected output will be 
low while all other outputs will be high. The enable inputs, when 
either or both are high, force all outputs high. 

The MC10H161 is a true parallel decoder. No series gating is 
used internally, eliminating unequal delay time found In other 
decoders. The MC10H161 is useful in high-speed multiplexer/ 
demultiplexer applications. 

This ECL 10KH part is a functional/pinout duplication of the 
standard ECL 10K part with 100% improvement in propagation 
delay, and no increase In power-supply current. 


Pin Configuration 


MC10H161 

Binary to 1-of-8 Decoder 



Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H161 

J,N,NL(20) 

Com 


Truth Tabie 


ENABLE 

INPUTS 

INPUTS 

OUTPUTS 

El 

Eq 

C 

B 

A 

Qo 

Qi 

CM 

o 

CO 

O 

Q4 

05 

06 

07 

L 

L 

L 

L 

L 

L 

H 

H 

H 


H 

H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L . 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


X = Don’t Care 


Logic Diagram 


MC10H161 



VCC1 = PIN 1 
VcC2 = P«N 16 
Vee = PIN 8 
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MC10H161 


Absolute Maximum Ratings 

I Supply voltage Vee (Vcc = 0) 

Input voltage V| (Vcc = 0) 

Output Current: 

i Continuous 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

■''STG 

Storage temperature range 

Plastic 

-55 

150 

o 

Ceramic 

-55 

165 

Lr 


Eiectricai Characteristics = -s^ v ± 5 % (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'E 

Power supply current 

— 

84 

. — 

76 

— 

84 

mA 

'inH 

Input current HIGH 

- 

465 

— 

275 

— 

275 

mA 

hnL 

Input current LOW 

0.5 

— 

0.5 

— 

0.3 

— 

juA 

VqH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VqL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

^1:60 

< 

Q. 

O 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

< 

Q. 

O 


Switching Characteristics = -5.2v ± 5 % (see Note) 


SYMBOL 



0 

p 

25° 

75° 

UNIT 

rMnMmc i cn 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

^pd 

Propagation delay 

Data Pins 7, 9, 14 

mm 



2.1 

0.7 

2.2 


Enable Pins 2, 15 

mm 

2.3 

— 

IQIII 

0.9 

2.5 

ns 


Rise time 





0.7 

1.9 

ns 


Fall time 


1.7 


1.8 


O) 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear f pm is maintained. Outputs are terminated 
through a 50 O resistor to -2.0 V. 
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ECL 10KH High-Speed 
Emitter Coupied Logic Famiiy 
MC10H162 

Binary to 1 -of-8 Decoder 


Features/ Benefits 

• Propagation delay 1 ns typical 

• Power dissipation, 315 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK’Compatible 

Truth Table 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H162 

J,N,NL 

Com 


Description 

The MC10H162 is a high-speed Binary to 1-of-8 Decoder. This 
device is a member of Monolithic Memories’ ECL 10KH family. 
This ECL device is designed to convert a three-bit word to 
one-of-eight output lines. The selected output will be high while 
all other outputs are low. The enable inputs, when either or both 
are high, force all outputs low. 

The MCI 0H1 62 is a true parallel decoder. This eliminates 
unequal parallel path delay times found in other decoder 
designs. This device is ideally suited for high-speed multiplexer/ 
demultiplexer applications. 

This ECL 10KH part is a functlonal/pinout duplication of the 
standard ECL 10K part with 100% Improvement in propagation 
delay and no Increase in power-supply current. 


Pin Configurations 


INPUTS 

OUTPUTS 

EO 

El 

C 

B 

A 

QO 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

H 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

X 

H 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


X = Don’t Care. 


Logic Diagram 


MC10H162 

Binary to 1-of-8 Decoder (Inverting) 



MC10H162 

Binary to 1-of-8 Decoder 


15 ^ 


a 

O 




;g:i: 








JLaT^y-- 





— 

1>^0. 


Vcci = PIN 1 
VcC2 = PIN16 
Vee = PIN 8 
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MC10H162 


Absolute Maximum Ratings 


Supply voltage Vee (VcC = 0) -8.0 V to 0 Vdc 

Input voltage V|(Vcc = 0) OVdctoVEE 

Output Current: 

Continuous 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 

-5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

TstG 

Storage temperature range 

Plastic 

-55 

150 

0 

Ceramic 

-55 

165 



Electrical Characteristics Vee = - 5.2 v ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0° 

25*^ 

0 

in 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

84 

“ 

76 

- 

84 

mA 

^inH 

Input current HIGH 

— 

465 

- 

275 

- 

275 

mA 

hnL 

Input current LOW 

0.5 

- 

0.5 

- 

0.3 

- 

mA 

Vqh 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1 .95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics Vee = -5.2v±5% (See Note) 


SYMBOL 

PARAMETER 

0° 

o 

U) 

CM 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

Data 

0.7 

2.0 

0.7 

2.1 

0.8 

2.5 

ns 

Enable 

0.8 

2.3 

0.8 

2.4 

0.9 

2.6 

tpt+ 

Rise time 

0.6 

1.8 

0.6 

1.9 

0.6 

2.0 

ns 

tf.t- 

Fall time 

0.6 

1.8 

^_0£_ 

1.9 

0.6 

2.0 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 

The circuit is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 (1 resistor to -2.0 V. 
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MC10H162 


lypical Applications 


CONTROL SELECTION 



Figure 1. High Speed 16-Bit Muitipiexer/Demuitipiexer 
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ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H164 
8-Line Multiplexer 


Features/ Benefits 

• Propagation delay, 1 ns typical 

• Power dissipation, 310 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H164 is a member of Monolithic Memories’ ECL 
family. This ECL 10KH part is a functional/pinout duplication of 
the standard ECL 10K part, with 100% improvement in propa- 
gation delay, and no increase in power supply current. 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H164 

J,N,NL(20) 

Com 


The MC10H164 Is designed to be used in data multiplexing and 
parallel-to-serial conversion applications. Full parallel gating 
provides equal delays through any data path. The MC10H164 
incorporates an output buffer, eight inputs and an enable. A high 
on the enable forces the output low. The open emitter output 
allows the MC10H164 to be connected directly to a data bus. 
The enable I ine allows an easy means of expanding to more than 
eight lines using additional MC10H164s. 


Pin Configuration 

MC10H164 
8-Line Multiplexer 



Truth Table 


ENABLE 

ADDRESS INPUTS 

Z 

C 

B 

A 

L 

L 

L 

L 

xo 

L 

L 

L 

H 

XI 

L 

L 

H 

L 

X2 

L 

L 

H 

H 


L 

H 

L 

L 

X4 

L 

H 

L 

H 

X5 

L 

H 

H 

L 

X6 

L 

H 

H 

H 

X7 

H 

X 

X 

X 

L 


X= Don’t Care 


Logic Diagram 

MC10H164 
8-Line Multiplexer 
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MC10H164 


Absolute Maximum Ratings 


Supply voltage (Vcc = 0) • • • • ■ • -8.0 V to 0 

Input Voltage V|(Vqc = 0) OVdctoVgE 

Output current: 

Continuous ....... . . .... 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating free-air temperature 

0 

75 


TsTG 

Storage temperature range 

Plastic 

-55 

150 


Ceramic 

-55 

165 

°c 


Eiectricai Characteristics Vee=-5.2v± 5% <seeNote) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 



UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

83 

— 

75 

— 

83 

mA 

l|nH 

Input current HIGH 

— 

512 

— 

320 

— 

320 

mA 

*inL 

Input current LOW 

0.5 

— 

0.5 

- 

0.3 


mA 

VqH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

Vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-0.735 

-1.60 

Vdc 

VlH 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics = -5-2 v, ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

X0-X7 

1.0 

2.8 

0.7 

2.7 

0.7 

2.9 

ns 

A,B,C, 

1.0 

3.8 

0.7 

3.6 

0.7 

3.9 

Data 

0.7 

2.4 

0.8 

2.5 

0.9 

2.6 

Address 

1.0 

2.8 

1.1 

2.9 

1.2 

3.2 

Enable 

0.4 

1.45 

0.4 

1.5 

0.5 

1.7 

tpt+ 

Rise time 

0.6 

1.8 

0.6 

1.9 

0.6 i 

2.0 

ns 

tf.t-^ 

Fall time 

0.6 

1.8 

0.6 

1.9 

0.6 

2.0 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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ECL10KH High-Speed 
Emitter Coupied Logic Famiiy 
MC10H166 

5-Bit Magnitude Comparator 


Features/Benefits 

• Propagation delay, Data-to-Output, 2.0 ns typical 

• Power dissipation, 440 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MCI OKI 66 is a member of Monolithic Memories’ ECL 1 0KH 
family. This device is a 5-Bit Magnitude Comparator and is a 
functional/pinout duplication of the standard ECL 1 0K part with 
100% improvement in propagation and no increase in power- 
supply current. 

The MCI 0H1 66 is a high-speed expandable 5-blt comparator for 
comparing the magnitude of two binary words. Two outputs are 
provided; A < B and A > B. The A = B function can be obtained by 
wire-ORing these outputs (a low level Indicates A - B) or by 
wIre-NORing the outputs (a high level indicates A - B). A high 
level on the enable function forces both outputs low. 

Pin Configurations 

MC10H166 

5-Bit Magnitude Comparator 



Ordering information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H166 

J.N.NL 

Com 


Truth Tabie 


INPUTS 

OUTPUTS 

E 

A 

B 

A<B 

A > B 


X 

X 

L 

L 

L 

Word A = Word B 

L 

L 

L 

Word A > Word B 

L 

H 

L 

Word A < Word B 

H 

L 


Logic Diagram 
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MC10H166 


Absolute Maximum Ratings 

Supply voltage Vee (VcC “0) -8.0 V to 0 Vdc 

Input voltage V| (Vcc == 0) ^ to Vee 

Output Current: 

Continuous 50 m A 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

’’’STG 

Storage temperature range 

Plastic 

-55 

150 

°c 

Ceramic 

-55 

165 


Electrical Characteristics v^e = v ± 5 % (See Note) 



PARAMETER 

0° 

25® 

75® 


MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

117 

- 

106 

- 

117 

mA 

linH 

Input current HIGH 

- 

350 

- 

220 

- 

220 

mA 

hnL 

Input current LOW 

0.5 

- 

0.5 

- 

0.3 

■ - 

mA 

vqh 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 


VOL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

< 

Q. 

0 

V|H 

HIGH Input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

0 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics Vee ^ -s-sv ±s% (See Note) 


SYMBOL 

PARAMETER 

0® 

25® 

75® 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

Data-to-Output 

1.1 

3.5 

1.1 

3.7 


4.1 

ns 

Enable-to-Output 

0 6 

1.7 

0.7 

1J 

0,7 

1.8 

tpt+ 

Rise time 

0.6 

1.5 

0.6 


0.6 

1.7 



Fall time 

0.6 

1.5 

0.6 

1.6 


1.7 



Note; Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-il resistor to -2.0 V. 
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MC10H166 



Figure 2. 25-Bit Magnitude Comparator 


Aq Bq Bi A2 B2 A3 B3 A4 B4 A5 B5 A0 B0 Ay By A3 B0 



Figure 1. 9-Bit Magnitude Comparator 


For longer word lengths, theMC10H166can be serially expanded 
or cascaded. Figure 1 shows two devices in a serial expansion for 
a 9-bit word length. The A>B and A<B outputs are fed to the Ag 
and Bq inputs respectively of the next device. The connection for 
an A = B output is also shown. The worst case delay time of serial 
expansion is equal to the number of comparators times the data- 
to-output delay. 



A>B 


For shorter delay times than possible with serial expansion, 
devices can be cascaded. Figure 2 shows a 25-bit cascaded 
comparator whose worst case delay is two data-to-output 
delays. The cascaded scheme can be extended to longer word 
lengths. 
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ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H173 

QUAD 2-Input Multiplexer With Latch 


PRELIMINARY 

INFORMATION 

This document contains spe- 
cifications and information 
which are subject to change. 


Features/Benefits 

• Propagation delay, 1.5 ns typical 

• Power dissipation, 275 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H173 is a quad 2-input multiplexer with latch. This 
device is a functional/pinout duplication of the standard ECL 
10K part, with 100% Improvement in propagation delay and 
no increase in power-supply current. 

It Incorporates common clock and common data select inputs. 
The select input determines which data input is enabled. A high 
(H) level enables data inputs DOO, DIO, D20, and DSOand a low 
(L) level enables data inputs D01 , D1 1 , D21 , D31 . Any change 
on the data input will be reflected at the outputs while the clock 
Is low. The outputs are latched on the positive transition of the 
clock. While the clock is In the high state, a change In the infor- 
mation present at the data inputs will not affect the data outputs. 


MCI OH1 73 Function Table 


SELECT 

CLOCK 



O 

3 

II 

H 

L 

DOO 

L 

L 

D01 

X 

H 

QOn 


X = Don’t care. 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H173 

J,N,NL(20) 

Com 


Logic Diagram 


MC10H173 

Quad 2-Input Multiplexer with Latch 



Pin Configurations 

MC10H173 

Quad 2-Input Multiplexer with Latch 



MC10H173 



QO NC VCC2 Q2 | 

Dll 


Q3 

DIO 

ECL10KH 

QUAD 

D20 

NC 

2-INPUT 

NC 

D01 

MUX WITH 
LATCH 

D21 

DOO 


D30 

CLK 

VEE NC SEL 

D31 




[isl 

|l4| 
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MC10H173 


I Absolute Maximum Ratings 

I Supply voltage, (Vqq = 0) 

I Input voltage, V| (Vqq = 0) 

I Output Current: 

Continuous — - - - - — - 

Surge ....100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vee 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

TsTG 

Storage temperature range 

Plastic 

-55 

150 

°c 

Ceramic 

-55 

165 


Electrical Characteristics V£e = -s.2 v ± 5% (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

I9H 

Power supply current 

— 


- 


- 

Bi 



Input current HIGH 

Pins 3-7 and 10-13 



— 


— 



Pin 9 

— 


“ 



Bslifli 

mm 

Input current LOW 

0.5 

- 







HIGH output voltage 



— 






LOW output voltage 





ll^^i 




HIGH input voltage 



MQQI 




m 

V|L 

LOW Input voltage 



BOlSI 



i 




Switching Characteristics - -5.2 v, ±5% (See Note) 


SYMBOL 

PARAMETER 

0 ° 

25 ° 

75 ° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

Data 

0.7 

2.3 

0.7 

2.3 

OJ 

2.3 

ns 

Clock 

1.0 

3.7 

1.0 

3.7 

1.0 

3.7 

Select 

1.0 

3.6 

1.0 

3.6 

1.0 

3.6 

^set 

Setup time 

Data 

0.7 

— 

0.7 

- 

: 0.7 

- 

ns 

Select 

1.0 

— 

10 

- 

1.0 

; - 

^hold 

Hold time 

Data 

0.7 

- 

0.7 

- ^ 

0.7 


ns 

Select 

1.0 

- 

1.0 

- 

1.0 

- 

tpH 

Rise time 

0.7 

2.4 

0.7 

2.4 

0.7 

2.4 

ns 

tf.t- 

Fall time 

0.7 

2.4 

0.7 

2.4 

0.7 

2.4 

ns 


NOTE: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50n resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
MC10H174 

Dual 4-to-1 Multiplexer 


Features/ Benefits 

• Propagation delay 1.5 ns typical 

• Power dissipation, 305 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MG10H174 is a Dual 4-to-1 Multiplexer. This device is a 
member of Monolithic Memories’ new ECL family. This device is 
a functional/pinout duplication of the standard ECL 10K part 
with 100% improvement in propagation delay, and no increase in 
power-supply current. 

Pin Configuration 

MC10H174 

Dual 4-to-1 Multiplexer 



Ordering information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

j MC10H174 

J,N,NL(20) 

Com 


Logic Diagram 

MC10H174 



Function Tabie 



X = Don’t care. 
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MC10H174 


Absolute Maximum Ratings 

Supply voltage Vee (Vqq = 0) -S.OVtoOVdc 

Input voltage V| (Vcc “0) 0 Vdc to Vee 

Output Current: 

Continuous 50 mA 

Surge iOO mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 

MIN TYP MAX 

UNIT 

111 

UJ 

> 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

■’’STG 

Storage temperature range 

Plastic 

-55 

150 

®c 

Ceramic 

-55 

165 


Electrical Characteristics = -5.2 v± 5 % (See Note) 


SYMBOL 

PARAMETER 

0° 

o 

U) 

CM 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

80 

— 

73 

— , 

80 

mA 

'inH 

Input current HIGH 

Pins 3 - 7 and 9-13 

_ 

475 

- 

300 

- 

300 

mA 

Pin 14 

- 

670 

- 

420 

- 

420 

hnL 

Input current LOW 

0.5 

— 

0.5 

- 

0.3 

- 

mA 

''oh 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

Vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

''IH 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

''IL 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics v^e = - 5-2 v, ±5% (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

•cT 

Q. 

Propagation delay 

Data (All others) 

0.7 

2.4 

0.8 

2.3 

0.9 

2.6 

ns 

Select (A,B) Pin 7, 9 

1.0 

2.8 

1.1 

2.9 

1.2 

3.2 

Enable Pin 14 

0.4 

1.45 

0.4 

1.50 

0.5 

1.70 

‘r.‘+ 

Rise time 

0.5 

1.5 

0.5 

1.6 

0.5 

1.70 

ns 


Fall time 

0.5 

1.5 

0.5 

1.6 

0.5 

1.70 

ns 


Note; Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear f pm is maintained. Outputs are terminated 
through a 50fi resistor to -2.0 V. 
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ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H175 
Quint Latch 


Features/Benefits 

• Propagation delay, 1.2 ns typical 

• Power dissipation, 400 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H175 is a member of Monolithic Memories’ ECL 
family. The MC10H175 is a quint D-type latch with common 
reset and clock lines. This ECL 10KH part is a functional/pinout 
duplication of the standard ECL 10K part, with 100% improve- 
ment in propagation delay, and no increase in power-supply 
current. 

Pin Configuration 

MC10H175 
Quint Latch 



Truth Table 


D 

Co 

Cl 

RESET 

Cn + 1 


L 

L 

X 

L 

H 

L 

L 

X 

H 

X 

H 

X 

L 

Qn 

X 

X 


L 

On 

Bi 

H 

HI 

H 

L 

Bi 


■■ 

h' ' j 

L 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H175 

J,N,NL(20) 

Com 


Application Information 

The MC10H175 is a high-speed, low-power quint latch. It 
features five D-type latches with common reset and a common 
two-input clock. Data is transferred on the negative edge of the 
clock and latched on the positive edge. The two clock inputs are 
ORed together. 

Any change on the data input will be reflected at the outputs 
while the clock is low. The outputs are latched on the positive 
transition of the clock. While the clock is in the high state, a 
change in the information present at the data inputs will not 
affect the output information. The reset input is enabled only 
when the clock is in the high state. 

Logic Diagram 

MC10H175 
Quint Latch 



X = Don’t Care 
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MC10H175 


Absolute Maximum Ratings 


Supply Voltage VgE (Vqc = 0) -S.OVloOVdc 

Input Voltage V| (Vcc = 0) 0 V^c to V^g 

Output Current: 

Continuous 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 



PARAMETER 

COMMERCIAL 

MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 75 

°c 

TstG 

Storage temperature range 

Plastic 

-55 150 

°c 

Ceramic 

-55 165 


Eiectricai Characteristics = -5.2 v ±5% (SeeNote) 


I 


14 


Switching Characteristics = -s-z v, ±5% (See Note) 


SYMBOL 

PARAMETER 

0° 

0 

u> 

CM 

— 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


Propagation delay 

Data 

0.6 

1.6 

0.6 

1.6 

0.6 

1.7 

ns 

Clock 

0.7 

1.9 

0.7 

2.0 

0.8 

2.1 

Reset 

1.0 

2.2 

1.0 

2.3 

1.0 

2.4 

^set 

Setup time 

1.6 

- 

1.5 

- 

1.5 

- 

ns 

*hold 

Hold time 

0.8 

— 

0.8 

— 

0.8 

- 

ns 

tpH- 

Rise time 

0.5 

1.8 

0.5 

1.9 

0.5 

2.0 

ns 

tf. t- 

Fall time 

0.5 

1.8 

0.5 

1.9 

0.5 

2.0 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
ThecircuitisinatestsocketormountedonaprintedcircuitboardandtransverseairflowgreaterthanSOOlinearfpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 


SYMBOL 

CHARACTERISTIC 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

107 

— 

97 

— 

107 

mA 

*inH 

Input current HIGH 

Pins 5,6,7,9,10,12,13 

— 

565 

— 

335 

— 

335 

mA 

Pin 11 

— 

1120 

— 

660 

— 

660 

*inL 

Input current LOW 

0.5 

— 

0.5 

— 

0.3 


mA 

Vqh 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VoL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V,L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


monoMMc 



Memories 


14-69 














ECL 10KH High-Speed 
Emitter Coupled Logic Family 
MC10H176 

Hex D Master-Slave Flip-nop 


Features/Benefits 

• Propagation delay 1.7 ns typical 

• Power dissipation, 460 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H176 is a member of Monolithic Memories’ ECL 10KH 
family. This ECL device includes six high speed master-slave 
D-type flip-flops with one common input clock for all six. Data 
enters into the master during the LOW state of the clock and is 
transferred to the slave during the positive-going clock transition. 
Thus, outputs may change only on a positive-going Clock 
transition. A change in information present at the data (D) input 
will not affect the output information any other time due to the 
master-slave construction of this device. 

This ECL 10KH part is a functional/pinout duplication of the 
standard ECL 10K part, with 100% improvement in clock 
frequency and propagation delay and no increase In power- 
supply current. 


Ordering Information 



X = Don’t Care 

* A clock H is a clock transition from a low to a high state 


Logic Diagram 

MC20H176 

Hex D Master-Slave Flip-Flop 

■’o-H" M-oo 
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MC10H176 


Absolute Maximum Ratings 


Supply voltage Vee (VcC = 0) 8 0 V to 0 Vdc 

Input voltage V| (Vcc = 0) 0 Vdc to Vee 

Output Current: 

Continuous 50mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

TsTG 

Storage temperature range 

Plastic 

-55 

150 

o 

Ceramic 

-55 

165 



Eiectricai Characteristics v^e == -5.2 v ±5% (See Note) 


SYMBOL 

PARAMETER 

0 ° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

123 



112 

— 

123 

mA 

hnH 

Input current HIGH 

Pins 5,6,7,10,11,12 

- 

425 

- 

265 

— 

265 

mA 

Pin 9 

— 

670 

- 

420 

- 

420 

•inL 

Input current LOW 

0.5 

- 

0.5 


0.3 

— 

M 

vqh 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

Vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics = - 5 . 2 V ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

0.9 

2.1 

0.9 

2.2 

1.0 

2.4 

ns 

W 

Setup time 

1.5 


1.5 

— 

1.5 

— 

ns 

^hold 

Hold time 

0.9 

— 

0.9 

- 

0.9 

- 

ns 

tr.t+ 

Rise time 

0.5 

1.8 

0.5 

1.9 

0.5 

2.0 

ns 

tf,t- 

Fall time 

0.5 

1.8 

0.5 

1.9 

0,5 

2.0 

ns 

^tog 

Toggle frequency 

250 

- 

250 

- 

250 

- 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the do specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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ECL 1 0KH High-Speed 
Emitter-Coupled Logic Family 
MCI OKI 79 

Look-Ahead Carry Block 


Features/ Benefits 

• Propagation delay, 1 ns typical 

• Power dissipation, 300 mW typical 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H179 Is a Look-Ahead Carry Block. This device is a 
member of Monolithic Memories’ ECL 10KH family. 

This ECL lOKH part is a functional/pinout duplication of the 
standard ECL 10K part with 100% Improvement in propagation 
delay, and no increase in power-supply current. 

Pin Configuration 

MC10H179 

Look-Ahead Carry Block 



MC10H179 

r GG VCCI NC VCC2 PG 
[Tj Cn+4 PO ^ 

[si GO ^ 

Hnc NC m 

CARRY BLOCK — J 

m G3 P2 ^ 

[2cn+2 Cn ^ 

G1 VEE NC G2 PI 


I9j|l0l|l^|l2||l3l 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H179 

J,N,NL(20) 

Com 


Logic Diagram 

MC10H179 

Look-Ahead Carry Block 



pQ = PO + PI + P2 + P3 

Gq = (GO + P1 + P2 + P3) (G1 + P2 + P3) (G2 + P3) G3 
Cn+2 = (Cn + PO + P1) (GO + P1) G1 

Cn+4 = ICp + PO + P1 + P2 + P3) (GO + PI + P2 + P3) (G1 + P2 + P3) 

(G2 + P3)G3 

Appiication 

The MC10H179 is a high-speed, low-power, standard ECL 
complex function that is designed to perform the look-ahead 
carry function. This device can be used with the MC10H1 81 4-bit 
ALU directly, or with the MC10H180 dual arithmetic unit in any 
computer, instrumentation or digital communication application 
requiring high-speed arithmetic operation on long words. 

When used with the MC10H181, the MC10H179 performs a 
second order or higher look-ahead. Figure 2 shows a 16-blt 
look-ahead carry arithmetic unit Second order carry is valuable 
for longer binary words. As an example, addition of two 32-bit 
words is improved from 30 nanoseconds with ripple-carry 
techniques. A block diagram of a 32-bit ALU is shown in Figure 1. 
The MC10H179 may also be used in many other applications. It 
can, for example, reduce system package count when used to 
generate functions of several variables. 
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MC10H179 


Absolute Maximum Ratings 

Supply voltage Vee (VcC - ..•••••••••• • • • • • • • • • • • • "8 0 V to 0 Vdc 

Input voltage V| (Vqg = 0) OVdctoVEE 

Output Current; 

Continuous .... 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 

-5.2 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

°c 

■’’STG 

Storage temperature range 

Plastic 

-55 

150 

0 

Ceramic 

-55 

165 



Eiectricai Characteristics v^e ^ v ±5% (See Note) 


SYMBOL 

PARAMETER 

QO 

o 

lA 

CM 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

79 

- 

72 

— 

79 

mA 

'inH 

Input current HIGH 

Pins 5 and 9 

- 

465 

- 

275 

- 

275 

mA 

Pins 4, 7 and 11 

- 

545 

- 

320 

- 

320 

Pin 14 

- 

705 

- 

416 

— 

415 

Pin 12 

- 

790 

- 

465 

- 

465 

Pins 10 and 13 

— 

870 

— 

510 

— 

510 

*inL 

Input current LOW 

0.5 

— 

1 

0.5 i 

— 

0.3 

— 

mA 

X 

0 

> 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

< 

Q. 

O 

-j 

0 

> 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH Input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics Vgg = - 5 . 2 V ± 5 % (See Note) 


SYMBOL 

PARAMETER 

0 

0 

25° 

75' 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

^pd 

1 PtoPG 

0.40 

1.40 

0.40 

1.50 

0.50 

1.70 

ns 

Propagation delay 

1 G, P, Cn to Cn or GQ 

0.60 

2.30 

0.70 

2.40 

0.80 

2.60 

tr,t+ 

Rise time 

0.5 

1.7 

0.5 

1.8 

0.5 

1.9 

ns 

tf,t- 

Fall time 

0.5 

1.7 

0.5 

1.8 

0.5 

1.9 

ns 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 ft resistor to -2.0 V. 
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ECL 1 0KH High Speed 
Emitter Coupled Logic Family 
MC10H209 

Dual 4-5 Input OR/NOR Gate 


Features/Benefits 

• Propagation delay, 0.75 ns typical 

• 125 mW typical (no load) 

• Noise margin 150 mV 

• Voltage compensated 

• ECL lOK-compatible 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H209 

J,N,NL 

Com 


Logic Diagram 


Description 

The MC10H209 is a member of the Monolithic Memories’ ECL 
10KH Family. This ECL device is a dual 4-5 input OR/NOR gate. 
This device is a functional/pinout duplication of the standard 
ECL 10K family part, with 100% improvement in propagation 
delay and no increase in power supply current. 


Pin Configuration 


MC10H209 

Dual 4-5 Input OR/NOR Gate 


MC10H209 

Dual 4-5 Input OR/NOR Gate 
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MC10H209 


Absolute Maximum Ratings 

Supply voltage Vee (VcC = 0) • • • -8.0 V to 0 

Input voltage V| (Vcc = 0) • • • • • • • • • • • • ^ ^dc 

Output current: 

Continuous ..... .... .... 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

— 

UNIT 

< 

m 

m 

Supply voltage 

-5.46 -5.20 -4.94 

V 

Ta 

Operating temperature range 

0 

75 

®c 

TsTC 

Storage temperature range 

Plastic 

-55 

150 

°c 

Ceramic 

-55 

165 



Eiectrical Characteristics v^e = - 5.2 v ± 5 % (see Note) 


SYMBOL 

PARAMETER 

0® 

25® 

75® 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

— 

— 

30 

- 


mA 

■inH 

Input current HIGIH 

— 

640 

— 

400 

- 

400 

mA 

^inL 

Input current LOW 

0.5 

- 

0.5 

— 

0.3 

- 

/uA 

Vqh 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

Vql 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics Vee = - 5.2 v ±s% (see Note) 


SYMBOL 

PARAMETER 

0® 

25® 

75® 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

0.4 

1.15 

0.4 

1.15 

0.7 

1.15 

ns 

V 

Rise time 

0.4 

1.5 

0.4 

1.5 

0.4 

1.6 

ns 

tf 

Fall time 

0.4 

1.5 

0.4 

1.5 

0.4 

1.6 

ns 


Note:Each ECL 10KH series circuit has been designed to meet the dc specifications shown In the test table, after thermal equilibrium has been established. 

The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-0 resistor to -2.0 V. 
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ECL 10 KH High-Speed 
Emitter-Coupled Logic Family 
MC10H210/MC10H21 1 
3-Input, 3-Output OR/ NOR Gates 


Features/Benefits 

• Propagation delay, 1.0 ns typical 

• Power dissipation, 160 mW typical 

• Noise margin 150 mV (over operating voltage 
and temperature range) 

• Voltage compensated 

• ECL lOK-compatible 

Description 

The MC10H210 and MC10H211 are members of Monolithic 
Memories’ ECL family. These devices are dual 3-input, 3-output 
“OR” and “NOR” gates respectively. These ECL 10KH parts are 
functional/pinout duplications of the standard ECL 10KH family 
parts, with 100% improvement in propagation delay and no in- 
crease in power supply current. 

Pin Configurations 

MC10H210 

3-INPUT 3-OUTPUT OR GATE 



Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

MC10H210 

MC10H21t 

J,N,NL,(20) 

Com 


MC10H210 MC10H211 



Vcci = PIN 1, 15* 
VcC2 = PIN16 
Vee = PIN8 


MC10H210 



AOUT3 


ECL10KH 


NC 3-INPUT 


3-OUTPUT 
OR GATE 


AIN2 




[9J1101111J|12J|13J 


MC10H211 

3-INPUT 3-OUTPUT NOR GATE 



MC10H211 

_ mFirniioiR 

rAOUTI NCwchoVCCI 
fT AOUT2^^^^ BOUT3 Is] 

IT AOUT3 BOUT2 TtI 

p ECL10KH p 

[6_ NC 3-INPUT NC ^ 
3-OUTPUT — —1 

[T BIN3 

AIN3 VEE NC BINI BIN2 
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MCI 0H21 0/211 


Absolute Maximum Ratings 

Supply voltage, (Vcc =0) -8.0 V to 0 V^c 

Input voltage, V| {Mqq =0) 0 V^c to Vcp 

Output Current: 

Continuous 50 mA 

Surge 100 mA 


Operating Conditions 


SYMBOL 

PARAMETER 

COMMERCIAL 
MIN TYP MAX 

UNIT 

Vee 

Supply voltage 

-5.46 -5.2 -4.94 

V 

ta 

Operating free-air temperature 

0 

75 

°c 

TstG 

Storage temperature range 

Plastic 

-55 

150 

°c 

Ceramic 

-55 

165 


Electrical Characteristics Vee = -5.2 v ±5% (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

'e 

Power supply current 

— 

42 

— 

38 

— 

42 

mA 

'inH 

Input current HIGH 

— 

720 


450 

— 

450 

nA 

*inL 

Input current LOW 

0.5 

- 

0.5 

— 

0.3 

- 

mA 

VqH 

HIGH output voltage 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

VOL 

LOW output voltage 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

V|H 

HIGH input voltage 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

V|L 

LOW input voltage 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


Switching Characteristics Vee = -5-2v ± 5 % (see Note) 


SYMBOL 

PARAMETER 

0° 

25° 

75° 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Vd 

Propagation delay 

MC10H210 

1 

0.5 

1.55 

0.55 

1.55 

0.6 

1.7 

ns 

MC10H211 

0.7 

1.6 

0.7 

1.6 

0.7 

1.7 

tr.t+ 

Rise time 

MC10H210 

0.75 

1.8 

0.75 

1.9 

0.8 

2.0 

ns 

MC10H211 

0.9 

2.0 

0.9 

2.2 

0.9 

2.4 

tf.t- 

Fall time 

MC10H210 

0.75 

1.8 

0.75 

1.9 

0.8 

1 

2.0 

I 

ns 

MC10H211 

0.9 

2.0 

0.9 

2.2 

0.9 

2.4 


Note: Each ECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 ft resistor to -2.0 V. 
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Logic Cell Arrays” 

Introduction 

The Logic Cell Array (LCA)^“ Is a CMOS integrated circuit with a 
flexible, uncommitted architecture and VLSI-level density. The 
LCA is manufactured on Monolithic Memories’ 1.6 micron 
CMOS process. The device architecture as is shown in Figure 1 , 
similar to that of a gate array, with an interior matrix of pro- 
grammable logic blocks, a surrounding ring of I/O interface 
blocks and programmable Interconnect used to define the over- 
all device structure. 

I Unlike gate arrays, Logic Cell Array functionality is defined by 
the user simply by loading the Internal writable storage cells with 
I the configuration data. An additional benefit, reprogrammability 
I in system, allows in-circuit-emulation to be used for design 
verification. 

The M2064 family of Logic Cell Arrays has been developed to 
allow Monolithic Memories to offer a device and technology that 
I offer both the density benefits of gate arrays and the program- 
I mablllty benefits of user-configurable devices. These parts have 
been designed for maximum flexibility in system applications 
and are easy to use. 

Using the XACT“ software development system, the designer 
can define and interconnect logic blocks to build larger-scale, 
multi-level logic functions. These are then connected to external 
circuitry, interconnections throughout the Array are defined 
automatically by the development system, unless otherwise 
specified by the designer. <pecause the Logic Cell Array’s logic 
i functions and interconneqtions are established with memory 
! cells, the array is never physically altered; Instead it is simply 
I reprogrammed. 

XACT Evaluation Kit (LCA-MEKOI ) 

j Monolithic Memories offers evaluation software and documen- 
I tation that will allow a designer to determine if his or her logic 
I design fits and assess its performance as a Logic Cell Array. All 
I that is needed is an IBM PC-XT, AT, or compatible, a three-button 
j Mouse System or compatible mouse. 

XACT Development System 
I (LCA-MDS21) 

i The XACT Development System is the “power behind the 
j machine.” It will allow a designerto sit down with a concept and 
walk away with a completely tested, completely finished part. 

The reason is that XACT functions as both a CAE and CAM 
system. The CAE part of the system allows the designer to 
I simply draw out the design using a sophisticated graphics- 
I based design editor. The CAM part then converts the drawing to 
I code, similar to a PALASM-generated JEDEC file, that allows- 
I programming with conventional programming hardware of an 
I EPSOM containing the configuration data for system photo- 
I typing. 

The XACT Development System currently has 113 macros 
and, in addition, allows the user to define his or her own macro. 
To insure that internal timing constraints are satisfied, a Timing 
Analyzer is Included to calculate propagation delays along any 
path within the Array. 

As the design is being entered, the Automatic Design Checker 
insures that no design rules are violated, and when the design is 
completed, a final design rule check Is performed. 


The XACT Development System 

Contents: 

• Editor 

• Macro Library 

• Design Checker 

• Timing Analyzer 

• Simulator 

• Configuration File Generator 

• Configuration File Formatter 

In-Circuit-Emulator 

(IjCA-MDS24) 

The In-Circuit-Emulator is a software/hardware package that 
enables a designer to connect his or her target system to the work- 
station where a design has just been completed. The emulator 
package allows: 

• User control and monitoring of device function 

• Interactive or file-driven setup and configuration 

• Daisy-chain configuration capabilities for up to seven LCAs in 
a chain 

• Simultaneous in-circuit emulation of up to four devices 

• Single step capability for device clocks 

• Readback display of device internal register states 

• Dynamic reconfiguration capability. 

The In-Circuit-Emulator comes with a single “pod”. Up to three 
additional pods (LCA-MDS25) may be ordered for each 
emulator. 

P-SILOS Simulation Package 
(LCA-MDS22) 

After a design is completed, the next step is to simulate. 
Monolithic Memories offers an integrated simulation package 
manufactured by Simucad, called P-SILOS. 


PART NUMBER 

DESCRIPTION 

LCA-MEKOI 

LCA Evaluation Kit 

LCA-MDS21 

LCA Development system 

LCA-MDS22 

LCA Simulator - P-SILOS 

LCA-MDS24 

LCA In-Circuit-Emulator 

LCA-MDS25 

LCA In-Circult-Emulator Pod 

LCA-MTB01 

LCA Demonstration Board 


Table 1 


The introduction of the Logic Cell Array will allow customers to 
reduce inventories of discrete components, reduce the time to 
market and development cost for new products, save money in 
manufacturing and spare parts Inventory management, reduce 
test costs and improve system reliability. 


LCA™ Logic Cell Array™ and XACT" are trademarks of Xilinx Inc. 
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Configurable Logic Block 

The core of the Logic Cell Array is an 8x8 matrix of Configurable 
Logic Blocks. Each CLB provides four logic inputs, a clock 
input, a combinatorial logic section, two logic outputs, and a 
programmable storage element. 

The Inputs drive a combinatorial logic section that can perform 
any logic function from a simple gate to a three-out-of-four 
majority decoder. 

The combinatorial portion accepts and generates both positive- 
and negative-true logic, eliminating the need for inverters or the 
routing of complementary signals. 

The storage element can serve as a flip-flop (D-type) and can be 
programmed to have clock enable, synchronous set and reset, 
and various gated inputs. In addition, since all these options can 
be specified independently for each logic block, designers can 
mix asynchronous and synchronous logic in any combination. 


Interconnect 

The Array’s extraordinary flexibility is also the result of a two- 
layer metal network of lines that run horizontally and vertically 
between the logic and I/O blocks, and a variety of user-definable 
interconnection elements. 

Definable interconnection points connect the inputs and outputs 
of logic and I/O blocks to nearby metal lines. 

Crosspoint switches and interchanges are clustered at the 
intersection of every row and column of logic blocks. They link 
horizontal and vertical paths and allow signals to be switched 
from one path to another. 

Finally, “long lines” run the length and breadth of the chip, 
bypassing interchanges but tying into logic blocks and other 
lines and distributing clocks and other critical signals with a 
minimum of propagation delay. 

Interchanges and interconnection point assignments, as well as 
all routing are handled automatically by the XACT Development 
System Software. In addition, special graphics-based design 
tools are included to facilitate any necessary designer 
interaction. i 



Configurable I/O Block 

External signals enter and leave the chip through general- 
purpose, user-definable I/O blocks positioned around the 
periphery of the array. Each block can be programmed inde- 
pendently to be an input, output or bidirectional pin with a 
tristate control on the output. When configured as an input, the 
designer can select TTL or CMOS thresholds. In addition, each 
I/O bloc contains an input register option whose clock line is 
common to all the other I/O blocks along the same edge of the 
die. 

I/O blocks can also handle more than input and output func- 
tions. For example, the Input registers of unused I/O blocks can 
be used for read/write storage registers or as stages of a shift 
register. 

Figure 1 
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Logic Cell Arrays" 
M2064 


Features/Benefits 

• CMOS programmable Logic Cell Array (LCA^**) for replace- 
ment of standard logic 

• Completely reconfigurable by the user in the final system 

• High performance 

—20 MHz flip-flop toggle rate (-20 speed grade) 

—33 MHz flip-flop toggle rate (-33 speed grade) 

—50 MHz flip-flop toggle rate (-50 speed grade) 

• User-configurable logic functions, interconnect and I/O for 
maximum flexibility 

• 64 user-Conf igurable Logic Blocks (CLBs) providing usable 
gate equivalency of up to 1500 gates 

• 58 individually-configurable I/O pins allowing any mix of 
inputs, outputs or bidirectional signals (68-pin package) 

• User-selectable TTL or HCMOS input threshold levels 

• Multiple configuration modes for greatest flexibility and 
ease of use 

• Verification feature allows user to check configuration data 

• User-selectable security feature prevents read-back of 
configuration data 

• Read-back of internal register states for system debug 

• On-chip clock oscillator and clock buffer circuits provide 
flexible internal and external clocking functions 

• Master reset of ail internal register elements in addition to 
user-configurable Reset and/or Set control of individual 
CLB storage elements 

General Description 

The M2064 is the first member of a family of configurable 
Logic Cell Arrays (LCAs) available from Monolithic Memories. 
These general purpose CMOS integrated circuit devices allow 
the user to rapidly implement complex digital logic functions 
directly without the requirement for masking or other vendor 
performed programming steps. Unique configuration circuitry 
allows complete reconfiguration within a user’s final system to 
allow system changes “on-the-fly.” 

User configuration is controlled by internal storage elements. 
These are loaded with data bits which control definition of logic 
functions, configuration of I/O blocks, routing of internal 
signals, and other options. Configuration data can be loaded in 
one of several methods to minimize impact on overall system 
design. 

CMOS technology optimized for system level performance 
provides LS-TTL compatible speeds with power consumption 
less than 10% of equivalent TTL systems. The use of innovative 
I/O buffers providing either TTL or CMOS input switching levels 
insures lowest possible power consumption in totally CMOS 
systems without any compromise in performance. 


XACT’", XACTOR’", LCA'" and Logic Cell Array are trademarks of XILINX Inc. 
P-SILOS’“ is a trademark of SimuCad. 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9 


Ordering Information 



TWX: 910-338-2376 
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Pin Description 

I/O 

User-configurable Input/Output pins. 

-PWRDN 

Input forces device into low power mode; operation is 
suspended. 

M0-~RT 

Dual function input. During initial power up, the state of MO and 
Ml determines the configuration mode. After configuration, a 
rising edge on ~RT initiates a configuration read operation. 

MI—RD 

Dual function input/output. During initial power up, the state of 
M1 and MO determines the configuration mode. After configura- 
tion is complete, ~RD outputs configuration data during a 
configuration read back operation synchronously with the 
toggling of the CCLK input. 

-RESET 

Input. A low level on this input after configuration causes all 
register elements Internal to the LCA to be forced to 0. If asserted 
prior to the start of configuration, causes the LCA to remain In 
the initialization state (configuration is not started). If asserted 
during configuration the LCA returns to the initialization state. 

DONE— PG 

Dual function output/input. During configuration the LCA pulls 
DONE low and releases it when configuration is complete 
(output is open drain). After configuration is complete, a falling 
edge on -PG initiates an LCA programming cycle (if enabled in 
the current configuration). This pin has an internal user-enabled 
pull-up resistor. 

XTAL1-I/0 

Dual function Input and I/O. This pin may be configured by the 
user to be a normal I/O pin equivalent to any of the general 
purpose I/O pins. Alternatively, this pin and XTAL2 may be used 
to connect a crystal for use with the internal crystal oscillator 
configuration. 

XTAL2-I/0 

Dual function output and I/O. This pin may be configured by the 
user to be a normal I/O pin equivalent to any of the general 
purpose I/O pins. Alternatively, this pin and XTAL1 may be used 
to connect a crystal for use with the internal crystal oscillator 
configuration. 

CCLK 

Configuration mode dependent input/output. CCLK is the 
master configuration clock used to configure the LCA. In slave 
mode it is an input; in all other modes it is an output designed to 
provide the input clocking of additional slave mode daisy chain 
connected LCA devices. During a configuration read back 
operation, CCLK serves as the clock input used to read the 
internal configuration data. 

DOUT-l/0 

Dual function output and I/O. General purpose user-configur- 
able I/O pin during normal operation. During configuration, the 
serial data stream supplied from the first LCA to LCAs down the 
serial daisy chain is output on DOUT. 
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-RCLK-I/O 

Dual function output and I/O. General purpose user-configur- 
able I/O pin during normal operation. During master mode 
configuration, a low level output on -RCLK indicates that the 
external memory device is being accessed. 

DO-DIN-l/0 

Multi-function input and I/O. General purpose user-configur- 
able I/O pin during normal operation. During master mode 
configuration, this pin is bit 0 of the 8-bit parallel input data bus 
(DO). During slave mode or peripheral mode configuration, this 
pin is the serial input data pin (DIN). 

D1— WS-l/0 

Multi-function input and I/O. General purpose user-configur- 
able I/O pin during normal operation. During master mode 
configuration, this pin is bit 1 of the 8-bit parallel input data bus 
(D1). During peripheral mode configuration, a low level on ~WS 
indicates that a write operation is being performed by the 
controlling processor. See note. 

D2-CS-I/0 

Multi-function input and I/O. General purpose user-configur- 
able I/O pin during normal operation. During master mode 
configuration, this pin is bit 2 of the 8-bit parallel input data bus 
(D2). During peripheral mode configuration, a high level on CS 
indicates that a write operation is being performed by the 
controlling processor. See note. 

D3— CEO-l/0 

Multi-function input and I/O. General purpose user-configur- 
able I/O pin during normal operation. During master mode 
configuration, this pin is bits of the 8-bit parallel input data bus 
(D3). During peripheral mode configuration, a low level on -CEO 
indicates that a write operation is being performed by the 
controlling processor. See note. 

D4— CE1-I/0 

Multi-function input and I/O. General purpose user-configur- 
able I/O pin during normal operation. During master mode 
configuration, this pin is bit 4 of the 8-bit parallel input data bus 
(D4). During peripheral mode configuration, a low level on ~CE1 
indicates that a write operation is being performed by the 
controlling processor. See note. 

D5-I/0 to D7-I/0 

Input and I/O. General purpose user-configurable I/O pins 
during normal operation. During master mode configuration, 
these pins are bits 5 through 7 of the 8-bit parallel input data bus 
(D5-D7). 

AO-l/0 to A15-I/0 

Output and I/O. General purpose user-configurable I/O pins 
during normal operation. During master mode configuration 
these pins are address output pins (A0-A15) used to address 
the external storage element used for configuration data. 


Note: to perform a peripheral mode write, the following logical 
combination is necessary: ~WS • CS • -CEO • -CE1 . 
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Functional Description 

I The M2064 is a high-performance CMOS Logic Cell Array 
providing superior system performance with greatest user 
flexibility. Complete user-configurability provides an optimized 
solution to logic implementation problems. 

j The M2064 utilizes a unique Configurable Logic Block (CLB) 
j structure as the basic functional building block of the device, 
j Each CLB is a combination of a programmable logic function 
i and a storage element. The CLB has the capability of performing 
I any function of its inputs with the option of the output of the 
storage element Included In the input field. User-defined logic is 
implemented In a matrix of sixty-four CLBs which are intercon- 
nected with user-configurable Interconnect resources. 

[ Fifty-eight Independently configurable I/O Blocks; each of 
I which can be a direct or latched input, a direct or open drain 
I output, or a bidirectional I/O buffer; provide the interface to 
external circuits. Input voltage levels are user definable and may 
be either standard TTL or CMOS for all I/O Blocks, depending 
j on the user’s configuration choice. 

1 User-definable path selector or multiplexers are utilized to select 
I configuration options for the CLBs and I/O Blocks. These 
1 selectors are set in the desired state by the configuration data 
loaded into the device upon power up. 

1 Logic 

User logic Is Implemented in one or more CLBs which are 
i general purpose 4-input, 2-output elements. Figure 1 shows a 
! block diagram of a single CLB. Each element is composed of a 
i 4-input combinational logic module with two outputs, a general 
I purpose storage element, and routing selection logic. The 
i module can generate any combinational logic function of the 
I four inputs, or it can generate any two independent functions of 
i any three of the four inputs. If a function of four inputs is 
j selected, that same function will be available on both of the 
j outputs of the combinational module. The inputs to the combin- 
I ational module are three of the four inputs to the CLB (A, B and 
j C) and either the D input to the CLB, or the Q output of the 
I storage element. 

I The general purpose storage element has a data input, a clock 
i input, a set direct input, a reset direct input and an output, Q. The 
storage characteristic may be defined as either a transparent 
latch or as an edge-triggered flip-flop. The data input is con- 
nected to one of the outputs of the combinational logic module. 
The set direct and reset direct inputs may be individually 
enabled or disabled. 

The reset direct input, if enabled, may come from either the D 
input to the CLB, or from the G output of the combinational logic 
module. Set direct control. If enabled, can come from either the 
A input to the CLB or from the F output of the combinational 
logic module. 

Clock for the storage element may be individually enabled or 
disabled and can be driven by the clock input, K, to the CLB, the 
C input to the CLB, or the G output of the combinational logic 
module. Final outputs, X and Y, from the CLB can be selected to 
be either of the two outputs, F and G, of the combinational logic 
module, or the Q output from the storage element. 



Figure 1. Block Diagram of a Single CLB 


I/O Elements 

The M2064 contains fifty-eight user-configurable I/O blocks for 
connection to external circuits. Each block is a general purpose 
device containing a three-state output buffer, an input buffer, 
and an input flip-flop as shown in Figure 2. The input buffer 
always reflects the status of the I/O pin or the contents of the 
input flip-flop. If the flip-flop is selected, data presenton the I/O 
pin will be clocked to the input buffer by the I/O block clock 
signal. All I/O blocks on a particular edge of the device share a 
common I/O clock signal. The output buffer may be enabled, 
disabled, or under the control of the three-state connection. 
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Interconnect 

There are nine rows and nine columns of metal interconnect 
resources with one row or column located between each row or 
column of CLBs or I/O blocks. Each row or column of 
interconnect resources contains local use lines, long lines and 
programmable interconnect points between I/O blocks, CLBs 
and interconnect resources. Local lines run either vertically from 
one row of resources to the adjacent row or horizontally from 
one column to the adjacent column. Long lines run the full 
height or width of the device. At the intersection of every row and 
column of interconnect resources are user configurable Inter- 
connect elements which allow multiple combinations of con- 
nections between local lines in adjacent rows and columns. In 
addition, selected intersections of local and long lines can be 
connected by user programmable interconnect points. 

Inputs and outputs from each CLB or I/O block have program- 
mable connections to the interconnect resources in the adjacent 
rows and columns. These connections allow CLBs or I/O block 
connections to be made for proper signal routing to or from the 
I/O blocks or CLBs. In addition to the programmable connec- 
tions to adjacent interconnect resources, there are direct 
connection paths which do not utilize the general interconnect 
resources. These paths allow selected connection between 
some I/O blocks and CLBs and between adjacent CLBs; For 
example, the outputs of a CLB in the interior of the matrix of 
CLBs may be connected to adjacent CLBs without using any 
interconnect resources. 

I GLOBAL CLOCK BUFFER 

I ETIEI] ^ ' |]' 


fl 

fl 

0 

0 

B 

0 

B 

B 

0 

B 
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f] 

B 

fl 

B 

B 
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DODD D B D 0' | 
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D ' O ' O -^D 0 0 0 0 0 

0 0 0 0 0 0 0.0 ® 


3 m mm mm ebbi mm y u 


I ALTERNATE CLOCK i 
CLBs BUFFER 

CRYSTAL OSCILLATOR 
CIRCUIT 


Figure 3. Overview Functionai Layout of the M2064 


Clock Generation and Buffering 

The M2064 contains two special purpose clock buffers for gen- 
erating and driving clock signals to multiple CLBs or I/O blocks 


with negligible skew. The Global Clock Buffer, is dedicated to 
driving a matrix of long lines which have configurable connec- 
tions to the K input of each CLB register. This clock buffer may 
be driven from an internally generated register source, or con- 
figured with a connection directly to an I/O block for driving it 
with an external clock signal. The output from the Global Clock 
Buffer may be configured to directly drive an I/O block for 
driving clock signals off the device. 

The alternate clock buffer can be configured either as a simple 
buffer or as a buffer for the crystal oscillator. In the crystal 
oscillator mode, an externally connected crystal and optional 
passive components form a clock generator for use on the chip 
or for driving other external circuits (see Figure 4). When 
configured in the buffer mode, the alternate clock buffer can 
have either one or both of its input and output configured to 
directly drive, or be driven by, an I/O block. The output of the 
alternate clock buffer can drive long lines in any column of CLBs 
as well as local interconnect. 



Suggested component values; 

R1 1-4Ma 

R2 0-1 Ka 

(may be required for low frequency, phase 
shift and/or compensate level for crystal Q) 

C1,C2 5-20pF 

Y1 1-10 MHz AT cut 

Figure 4. Crystal Oscillator 

Each CLB has a special clock input (K) which can be selected as 
the clock input of the storage element. Clock inputs to user 
selected CLBs can be configured to be driven from either the 
Global Clock Buffer, the oscillator/buffer or from other local 
interconnect. Clocks to the I/O blocks can be configured from 
either of the clock buffers or the local interconnect. 

Programming 

Configuration of the device may be performed in any one of 
three modes. The desired configuration mode is set by the state 
of the mode pins MO and Ml at power up (see Table 1). All 
configuration data relating to CLB function definition, inter- 
connect resource utilization, and I/O block programming must 
be loaded into the device prior to use. In the peripheral and slave 
modes the data is supplied in a serial stream in conjunction with 
the configuration clock signal, CCLK. In master mode, the 
device automatically loads data from an external memory device 
by supplying addresses and reading bytes of data. In all modes 
the data patterns required to create a specific configuration are 
the same. 
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MODE SELECT PINS 

MO 

M1 

Master LOW mode 

0 

0 

Master HIGH mode 

0 

1 

Peripheral mode 

1 

0 

Slave mode 

1 

1 


Note: During configuration, Pin 27 on the 68-pin package or Pin 7 on the 
48-pin package must be held HIGH. 

Table 1. Modes 


Data patterns for a specific user-configuration are created with 
the Monolithic Memories XACT LCA Development System and 
can be output to a standard EPROM programmer or saved on 
disk for inclusion with other software. Users who are using the 
j Monolithic Memories XACT debugging system can directly 
access the configuration data and load the device directly during 
a debug session. Because of the complexity of the data patterns 
and difficulty in generating them without a thorough knowledge 
of the device, users are discouraged from attempting to generate 
data patterns on their own. Data pattern files for M2064 devices 
contain 1536 bytes. 

Special Features 

The M2064 contains several special features which enhance its 
capacity for use in a wide variety of applications. Among these 
are the following: 

Data Security 

The M2064 configuration data contains special control bits 
which enable or disable configuration data security control. If 
enabled, the security control will prevent the read-back of 
I configuration data after the Initial configuration. There are two 
j possible modes of operation under security control. One mode 
I allows a single read-back after configuration to allow verification 
I of the data. In the second mode, all access to the configuration 
I data is prevented. 

Reprogramrnability 

j Configuration data changes are controlled by reprogramming 
control bits in the configuration data supplied to the device. If 
j reprogramming is enabled, the user may supply new configura- 
tion data at any time by asserting the correct control sequence 
on the DONE—PG and MO and Ml mode control pins. Alterna- 
tively, the user may elect to prevent reconfiguration of the 
device. When operating in this mode, the only method to remove 
the configuration is to remove all power from the device. 

inactive Power-down 

In a system which is to remain In its current configuration 
through power loss, the M2064 may be forced into a low power 
inactive state by using the -PWRDN pin. When held low, the 
LCA will retain all configuration data but will not operate. All 
clocks will be stopped and all outputs put into a high-impedance 
state. Power is reduced to a very low level, allowing a simple 
external battery arrangement to supply the required configura- 
tion data saving power (see electrical characteristics). 


Configuration Data Read-back 

A mechanism is provided in the M2064 to provide verification of 
stored configuration data. The configuration read-back Is initi- 
ated by toggling the ~RT pin and clocking the CCLK pin. Each 
clock applied to CCLK will read out a configuration data bit on 
the~RD pin. When all configuration data has been read out, the 
~RD pin will return to its inactive state. The configuration data 
may be read at any time with ho effect on the operation of the 
device. Once a configuration read-back has been initiated, all 
data must be read out of the device to insure that subsequent 
read-back operations will begin at the start of the configuration 
data. 

Master Reset 

After device configuration, the -RESET pin becomes a master 
reset for all CLB and lOB storage elements in the device. 
Asserting this control signal will asynchronously reset all of the 
internal storage registers regardless of the operating condition 
of the circuit. 


Development System 

The Monolithic Memories Design System is an integrated 
package of design tools for developing configuration data for 
LCAs. All aspects of configuration are specified through inter- 
active graphics software. Facilities to verify functionality and 
timing of the designed configuration insure that designs operate 
as desired. 

XACT is a graphic design system used to specify LCA designs. It 
contains several standard and several optional software and 
hardware packages. The basic package runs on an IBM PC/XT 
or AT compatible computer with 640K memory, a color monitor 
and a mouse. The tools accessible from the executive. Including 
the optional packages, are: 

• LCA Editor and Macros 

• Timing Analyzer 

• Simulator (P-Silos, optional) 

• Configuration-File Generator 

• Configuration-File Formatter 

• XACTOR 2 In-circuit-emulator (optional). 

XACTOR 2 consists of a software program plus a hardware 
attachment that allows control of up to four LCAs. The program 
contains commands for: 

• Loading configuration data 

• Activating the Master Reset input 

• Reconfiguring 

• Single stepping the device clock 

• Reading back conflguraiton data and state of all 122 internal 
registers on any clock cycle. 

• Real time system debug. 

An evaluation kit is available which includes: 

• Complete documentation of the Development System 

• A sample LCA design 

• XACT software package. 

Contact your local Monolithic Memories Representative or 
Distributor for more information. 
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Absoiute Maximum Ratings* 

Supply voltage Vcc • 


-0.5 V to 7 V 

Power down Vqq 


2Vto7V 

Input voltage ;..... 


-0.5 V to Vcc 0-5 V 

Voltage applied to three-state output 


-0.5 V to Vcc 0-5 V 

Storage temperature range 


-65°Cto+150°C 

Lead temperature (soldering, 10 seconds) 


260°C 


‘Note: Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional operation 
of the device at these or any other conditions beyond those listed under “Recommended Operating Conditions” is not implied. Exposure to “Absolute Maximum 
Ratings” conditions for extended periods of time may affect device reliability. 


Operating Conditions 


SYMBOL 

PARAMETER 

MIN TYP MAX 

UNIT 

O 

o 

> 

Supply voltage relative to GND 

4.75 , 5.25 

V 

V|HT 

High level input voltage — TTL configuration 

2.0 

V 

V|HC 

High level input voltage— CMOS configuration 

0.7 

V 

b 

> 

Low level input voltage— TTL configuration 

0 0.8 

V 


Low level input voltage— CMOS configuration 

0 0.2 

V 

l|T 

Input leakage current— TTL configuration 

±1 

mA 

'ic 

Input leakage current— CMOS configuration 

±1 

mA 

•oz 

Three-state output off current (Vcc 5.5V) 

±10 

mA 

'op 

Operating free-air temperature 

o 

o 

°C 


Eiectricai Characteristics over operating conditions 


SYMBOL 

PARAMEtER 

TEST CONDITION 

MIN TYP MAX 

UNIT 

I 

O 

> 

High level output voltage 

Vcc " A.75 V Iqh = -4 0 mA 

3.86 

V 

VqL 

Low level output voltage 

Vcc = 4.75 V IOL= 4.0 mA 

0.32 

V 

•cco 

Quiescent operating 
power supply current 

CMOS inputs 

Vcc = 5.0 V 

5 

mA 

TTL inputs 

Vcc = 5.0 V 

“lO 

mA 

'CCPD 

Power down supply current 

Vcc = 2.0 V 

Consult factory 

V 


Note: All switching characteristics are at worst case conditions. 


Power on Timing 

The M2064 contains on-chip reset timing logic for power-up 
operation. To insure proper master mode system operation, VCC 
must rise from 2.0 V to minimum specification level in 10 ms or 


less. For other modes, initiation of configuration must be 
delayed for 60 ms after VCC reaches the minimum specified 
level. 
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Switching Characteristics— CLB 


ITEM 

DESCRIPTION 

M2064-50 

MIN TYP MAX 

M2064-33 

MIN TYP MAX 

M2064-20 

MIN TYP MAX 

UNIT 

*ILO 

Input through logic to X or Y 

16 

20 

35 

ns 

*ITO 

Input through logic and latch to X or Y 

20 

25 

45 

ns 

♦CKO 

Storage element clock from K to output 

15 

20 

35 

ns 

*CCO 

Storage element clock from C to output 

19 

25 

45 

ns 

•cio 

Logic to storage element clock to output 

27 

37 

65 

ns 

*QLO 

Storage element Q to logic to output 

8 

13 

30 

ns 



hCK 

Input setup to K clock to storage element 

8 

12 

22 

ns 

^CKI 

Input hold to K clock to storage element 

0 

0 

0 

ns 

^ICC 

Input setup to C clock to storage element 

9 

12 

18 

ns 

•cci 

Input hold to C clock to storage element 

0 

6 

10 

ns 

^ICI 

Input setup to input clock to storage element 

4 

6 

10 

ns 

ten 

Input hold to input clock to storage element 

5 

9 

15 

ns 

*RIO 

Input to storage element Reset/Set to output 

22 

25 

45 

ns 

tRLO 

Logic to storage element Reset/Set to output 

1 . ■ , 

28 

37 

65 

ns 

tRpw 

Reset/Set pulse width 

9 

12 

20 

ns 

*RS 

Storage element control separation 

9 

17 

30 

ns 

tcH 

Storage element clock high time 

9 

12 

20 

ns 

tcL 

Storage element clock low time 

9 

12 

20 

ns 

tCLK 

Storage element clock frequency 

50 

33 

20 

MHz 

tMRQ 

Master reset to storage element Q to output 

25 

35 

60 

ns 


Cross Reference Guide 


Cross Reference Guide 


XILINX 

MONOLITHIC 

MEMORIES 

Vec 

Fmax 

MIN 

MAX 

XC-2064-1 


4.5 V 

5.5 V 

20 MHz 


M2064-20 

4.75 V 

5.25 V 

20 MHz 

XC-2064-2 


4.5 V 

5.5 V 

33 MHz 

XC-2064-33 

M2064-33 

4.75 V 

5.25 V 

33 MHz 

XC-2064-50 

M2064-50 

4.75 V 

5.25 V 

50 MHz 


*For commercial product only. 
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Switching Characteristics — CLB 


INPUT 

(LOGIC) 





IN 

(SET/RESET) 



*RIO 



CLOCK 
(ANY SOURCE) 



Note; 1 . Input refers to CLB inputs A, B, C or D 

2. Output refers to CLB output X or Y 

3. Clock refers to the CLB storage element clock 

4. FF (Flip-Flop) or L (Latch) refers to the CLB storage element 

5. Set and Reset refer to CLB storage element controls 
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Switching Characteristics— iOB 


ITEM 

DESCRIPTION 

M2064-50 

MIN TYP MAX 

M2064-33 

MIN TYP MAX 

M2064-20 

MIN TYP MAX 

UNIT 

tpiD 

Pad to input direct 

8 

12 

20 

ns 

tpL 

Pad input setup to I/O clock 

8 

12 

20 

ns 

^LP 

Pad input hold to I/O clock 

0 

0 

0 

ns 


Frequency, I/O clock 

50 

33 

20 

MHz 

^LW 

Pulse width input latch clock 

9 

■■ ■ . ■ 1 

12 

20 

ns 

tu 

Input latch clock to input 

15 ^ 

20 

30 

ns 

^OP 

Output to pad output (three-state enabled) 

12 

15 

25 

ns 

^THZ 

Three-state inactive to high impedance 

20 

25 

35 

ns 

*TON 

Three-state active to output on 

20 

25 

40 

ns 

tpi 

Master Reset to latched input reset 

25 

30 

50 

1 

ns 


THREE-STATE 


INPUT 

(DIRECT) 


INPUT 

(LATCHED) 


MASTER 

RESET 


^ (IN) ^ (OUT) ^ ^HIGH IMPEDAN^ 


>4H 




•fp-^ I 


/ 


\ / V 


\ 


H 


\ 


Note; 1 . Output (O) refers to the output connection on the IOB 

2. Input (I) refers to the input connection on the IOB 

3. Three-state (T) refers to the three-state control on the IOB 

4. Pad or Pin (P) refers to the device pin connected to the IOB 

5. Latch (L) refers to the input Flip-Flop clock connection 
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Switching Characteristics— Programming - Slave Mode 


ITEM 

DESCRIPTION 

M2064-50 

MIN TYP MAX 

M2064-33 

MIN TYP MAX 

M2064-20 

MIN TYP MAX 

UNIT 

*CCH 

CCLK high time 

300 

300 

500 

ns 

‘CCL 

CCLK low time 

200 

200 

300 

ns 

'CCL 

CCLK low time 

5000 

5000 

10000 

ns 

‘dcc 

DIN data setup to CCLK rising edge 

25 

25 

50 

ns 

*CCD 

DIN data hold from CCLK rising edge 

40 

40 

75 

ns 

*CCO 

DOUT data delay from CCLK falling edge 

65 

65 

100 

ns 

^CC 

CCLK maximum frequency 

2 

2 

1 

MHz 


Switching Characteristics— Programming - Peripheral Mode 
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Switching Characteristics— Programming • Master Mode 


ITEM 

DESCRIPTION 

M2064-50 

M2064-33 

M2064-20 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

‘arc 

Address invalid prior to ~RCLK edge 

0 

0 

0 

ns 


Address valid from ~RCLK edge 

200 

200 

300 

ns 


Data bus setup to ~RCLK edge 

60 

60 

100 

ns 


Data bus hold from ~RCLK edge 

0 

0 

0 

ns 


~RCLK high 

600 

600 

600 

ns 


j -RCLK low 

4000 

4000 

4000 

ns 


Note; Timing for DOUT and CCLK out is same as for slave mode. 



\ / ^ 
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Switching Characteristics— Program Readback 


ITEM 

DESCRIPTION 

M2064-50 

MIN TYP MAX 

M2064-33 

MIN TYP MAX 

M2064-20 

MIN TYP MAX 

UNIT 

tRTH 

Read trigger (RT) high time 

150 

150 

250 

ns 

*RTCC 

Delay from RT assertion to first CCLK 

60 

60 

100 

ns 

tCRD 

Delay from CCLK edge to RD data valid 

60 

60 

100 

ns 

bRT 

Wait period from DONE to RT assertion 

75 

175 

300 

ns 


Notes; 1. Timing for CCLK is same as for slave programming mode. 

2. DONE/~PG output/input must be high (device programmed) prior to assertion of ~PG. 
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Switching Characteristics— General 


ITEM 

DESCRIPTION 

M2064-50 

MIN TYP MAX 

M2064-33 

MIN TYP MAX 

M2064-20 

MIN TYP MAX 

UNIT 

Vmr 

Master Reset delay from valid Vqq 

150 

150 

250 

ns 

^MRW 

Master Reset pulse width 

150 

150 

250 

ns 

^MR 

Mode control setup to Master Reset 

60 

60 

too 

ns 

*RM 

Mode control hold from Master Reset 

7 

7 

10 

ns 

‘PGW 

Program control pulse width 

6000 

6000 

6000 

ns 

‘PGI 

Program control to I/O initialized 

7000 

7000 

7000 

ns 

'CLH 

Clock buffer input high time 

9 

12 

20 

ns 

‘CLL 

Clock buffer input low time 

9 

12 

20 

ns 

^CL 

Clock buffer input frequency 

50 

33 

20 

MHz 




Test Conditions: 

Outputs loaded with rated DC current and 50-pF capacitance to 
GND. 

Design Aids 

XACP“ provides complete design automation for users to 
specify and implement designs utilizing Monolithic Memories’ 
LCA products. Configuration of CLBs, internal routing, I/O 
block definitions and global routing are all handled in an 
integrated, easy-to-use system. 

Placement and routing of logic and I/O blocks is accomplished 
using interactive graphics. Final programming bit patterns are 
automatically produced for debugging, transfer to other sys- 
tems, or downloading to standard EPROM programmers. 
Debugging with the XACTOR 2™ emulation system allows full 
device emulation and operation analysis in the target system. 

The user inputs data via a graphics-oriented physical editing 
environment. User functions are translated into CLB logic 
specifications and interconnections automatically. Standard 


logic libraries and other macro capabilities can be utilized for 
rapid design entry. 

Physical placement and hard connections are performed with 
the graphics placement and connection capabilities. Final 
device layout and routing are visible and can be modified 
without disturbing the logical arrangement. Logical connectivity 
and physical layout rules checking are performed automatically. 

Full timing analysis and functional simulation of user config- 
urations allows device performance and functional checking 
without external test hardware. In addition, point-to-point path 
timing calculation capability is provided to simplify general 
timing analysis and critical path determination. 

The debugging system provides full emulation in the user’s 
target system. User configurations may be transferred directly 
from the design phase into the target system and tested through 
the emulation system. 

Additional capabilities include a tool for automatic hard copy 
generation of the user’s logic design and physical implementa- 
tion and a tool for transferring programming bit patterns to 
EPROM programming systems. 
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Recommended Sockets 

The following 68-pin PLCC sockets have been evaluated by 
Monolithic Memories and have been found to exhibit acceptalble 
connectivity, device retention and device extraction charac- 
teristics: 


and pinout. 



VENDOR 

DESCRIPTION 

PART NUMBER 

AMP 

PCB solder tail, tin plate 

821574-1 

AMP 

Surface mount, tin plate 

821542-1 

Burndy 

PCB solder tail, tin plate 

QILE68P-410T 

Midland- 

Boss 

PCB solder tail, tin plate 

709-2000-068-4-1-1 


The following 68-pin PLCC sockets are also available: 


VENDOR 

DESCRIPTION 

PART NUMBER 

Methode 

PCB solder tail, tin plate 

213-068-001 

Methode 

Surface mount, tin plate 

213-068-002 


Notes; 1. The standard device extraction tools supplied with the XACT 
deveiopment system wiit work with all of the above sockets. 

2. Ail of the above PCB solder taii sockets have the same hold pattern 








Notes 
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Features/ Benefits 

• 10 ns maximum propagation delay 

• 8 ns maximum delay from clock input to data output 

• fMAX = 55.5 MHz 

• Advanced oxide-isolated technology 

• Programmable replacement for TTL logic 

• Reduces chip count by greater than 4:1 

• instant prototyping and easier board layout 

• Programmable on standard programmers 

• Programmable three-state outputs 

• Security fuse prevents duplication 

• 20-pin DIP and PLCC packages 

Description 

The PAL20D Series provides the highest speed available for TTL 
PAL devices. The 10 ns maximum propagation delay is a 33% 
speed improvement over the 20B Series from Monolithic 
Memories, at no increase in power consumption. The 20D Series 
is functionally compatible with the earlier 20, 20A and 20B Series. 

The PAL20D Series utilizes Monolithic Memories’ advanced 
oxide-isolated process and proven TiW fuse link technology. 

Pin Configurations 


Areas of Appiication 

• Control logic for mainframe and super-minicomputers 

• Computer-aided graphics 

• High-performance communication equipment 

• High-speed test instruments 

Features 

The PAL20D Series includes the four standard 20-pin PAL 
device architectures. All four devices have sixteen array inputs 
and eight outputs, with varying numbers of registers: zero (16L8), 
four (16R4), six (16R6), and eight (16R8). The combinatorial 
outputs on the registered devices, and six of the outputs on the 
16L8, are I/O pins that can be individually programmed as Inputs 
or outputs. Each output register, a D-type flip-flop, also feeds 
back into the array, for implementation of synchronous state 
machine designs. Registered outputs are enabled by an external 
input, while the combinatorial outputs use a product term to 
control the enable function. 

These features allow a great deal of flexibility for the design 
engineer when using the devices. The four different devices offer 
an optimized number of registers, while the number of inputs 
and combinatorial outputs can be balanced for the particular 
application. All of these features are automatically handled by 
the CAD software used to describe the design. Monolithic 
Memories’ PALASM®2 software and third-party CAD tools all 
offer full support for these products. 



This document contains information on a product under development at Monolithic Memories Inc. The information is intended to help you to evaluate this product. 
Monolithic Memories reserves the right to change or discontinue work on this proposed product without notice. 


PAL® and PALASM® are registered trademarks of Monolithic Memories. 


TWX: 910-338-2376 


2175 Mission Coilege Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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PAL® Devices 20D Series 


Ordering information 


PAL16 R 8DCN STD 


T 


PROCESSING 
STD = Standard 
XXXX=Hi-Rel 


PROGRAMMABLE 
ARRAY LOGIC 
FAMILY 

NUMBER OF 

ARRAY INPUTS 

OUTPUT TYPE — 

R = Registered 
L - Active Low 

NUMBER OF OUTPUTS 

SPEED 

D = 10 ns 


PACKAGE 
N = Plastic DIP 
J = Ceramic DIP 
NL = Molded chip carrier 

TEMPERATURE RANGE 
C = 0°Cto+75°C 
M = -55°Cto+125‘>C 


Programming 

The PAL20D Series is programmable on the same standard 
programmers as the rest of the 20-pin PAL device products. 
No upgrades are necessary. The configuration required is the 
same as that for the standard 20, 20A, and 20B Series. 


Logic Development Software 

The following logic development software packages can be used 
for configuring the PAL20D Series; 

PALASM®, from Monolithic Memories 
ABEL^", from Data I/O Corporation 
CUPL^", from Assisted Technology, Inc. 


f max 

The parameter fMAX 's the maximum speed at which the PAL 
device is guaranteed to operate. Because flexibility inherent to 
PAL devices allows a choice of clocked flip-flop designs, for the 
convenience of the user, fMAX 's specified to address two major 
classes of synchronous designs. 

The simplest type of synchronous design can be described as a 
data path application. In this case, data Is presented to the data 
terminal of the flip-flop and clocked through; no feedback is 
employed (Figure 1). Under these conditions, the frequency of 


operation is limited by the greater of the data setup time (tsu) or 
the minimum clock period (tw high + tyy low). This parameter is 
designated fMAX (no feedback). 

For synchronous sequential designs, i.e., state machines, where 
logical feedback is required, inputs to flip-flop data terminals 
originate from the device input pins or flip-flop outputs via the 
internal feedback paths (Figure 2). Under these conditions, fMAX 
is defined as the reciprocal of (tsu ^OLK) and is designated 
fMAX (feedback). For the PAL20D Series, this value calculates 
as 1/(1 0+8) = 55.5 MHz. 




Figure 2. State Machine Configuration With Feedback 

ABEL’" is a trademark of Data I/O Corporation. 

CUPL’" is a trademark of Assisted Technology, Inc. 
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Features/ Benefits 

• CMOS technology provides zero Standby power 

• 25 ns maximum propagation delay 
(20L8, 20R4, 20R6 and 20R8) 

• Low power mask-programmed alternative for most 24-pin 
PAL® devices 

• Space-saving 24-pin SKINNYDIP® or 28-pin PLGC and LCC 
packages 

• Available in Commercial, Industrial and Military operating 
ranges 

Description 

The ZHAL24A Series is a mask-programmed, zero-power option 
to most of the 24-pin PAL devices. The ZHAL24A Series offers 
not only higher density than the ZHAL20 Series, but also 
improved speed, matching the bipolar speeds of the Small 24 
and Medium 24A, 24XA and 24RS PAL device series. 

Design Procedures 

ZHAL device prototyping can be done using standard PAL 
devices before converting to the ZHAL device for production. 
ZHAL devices are fabricated by Monolithic Memories with a 
custom mask defined by a user-supplied HAL® device Design 
Specification. The ZHAL24A Series utilizes a unique architec- 
ture that can implement 90% of the 24-pin PAL device patterns. 
To determine whether a given pattern will fit, run the ZHAL24 
option in the PALASM®2 software package. Patterns that could 
not fit in the ZHAL20 Series will fit in the 20-pin option of the 
ZHAL24A Series. 

ZHAL24A Device Options 
(continued on back) 

20L8 20R4 


Areas of Appiication 

• Portable computers 

• Battery-operated Instrumentation 

• Low-power industrial or military equipment 

• Standard CMOS/TTL iogic repiacement 

• CMOS gate array alternative 

Preiiminary Data 

(Commercial operating conditions, 20L8, 20R4, 20R6and 20R8) 

(other families may differ) 

tpD = 25ns tcLK=15ns 

tsu = 25 ns fMAX = 28.5 MHz 

Vqh = 3.76 V at Iqh = "6 itiA (HCT compatible) 

VoL = 0-4 V at loL= 8 mA 
IGC (standby) = 100 /iA 

Ice (operating) = 5 mA at 1 MHz (+3 mA per additional 1 MHz) 

Ordering Information 

ZHAL 20L8 A C NS STD P01234 

ZERO-POWER J PATTERN NUMBER 

HARD ARRAY LOGIC 


NUMBER OF ARRAY-' 

INPUTS 

OUTPUT TYPE 

L = Active Low 
C ? Complementary 
R = Registered 
X - XOR Registered 
S = Shared Terms 
RS = Registered 
Shared Terms 

NUMBER OF OUTPUTS - 

SPEED— — - 

Blank = Standard 
A High Speed 


PROCESSiNG 

STD = Standard 
XXXX = Hi-Rei 

PACKAGE 

NS = Plastic 

SKINNYDIP 
JS= Ceramic 
SKINNYDIP 
NL = Plastic Leaded 
Chip Carrier 
L = Leadless 
Chip Carrier 

TEMPERATURE RANGE 

C = Commercial 
(0°Cto75°C) 

I = industrial 

(-40°C to 85°C) 

M = Military 

(-55°C to 125°C) 

20R8 



This document contains information on a product under development at Monolithic Memories Inc. The information is intended to help you to evaluate this product. 
Monolithic Memories reserves the right to change or discontinue work on this proposed product without notice. 


PAL" , HALf^ , SKINNYDIP^ and PALASM*) are registered trademarks of Monolithic Memories. 

ZHAL"" is a trademark of Monolithic Memories. TWX: 910-^338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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PAL10H20P8 
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Features/ Benefits 

• 20 logic inputs; 12 external, 8 feedback 

• 8 outputs 

• Programmable output polarity 

• ECL technology for uitra-high speed 

• 32 product terms with term sharing 

• lOKH ECL compatible 

• son termination drive 

• Input pull-down resistors 

• Voltage compensated 

• 24-plnSKINNyDiP® package 

• Programmable using standard TTL programmers 

Description 

The PAL10H20P8 is a 10KH compatible ECL PAL« device having 
twelve dedicated inputs and eighit outputs with feedback. 
A programmable AND array and a fixed OR array make possible 
a wide variety of logic functions. 

Device functionality can be specified using standard sum-of- 
products expressions. Logic development software is then used 
to transform the Boolean equations Into a fuse map for use in 
programming the device. 

Features 

Bach output has a polarity fuse. Programmable polarity allows 
the user to optimize his design equations without using 
DeMorgan’s theorem to give the correct output polarity. This can 
simplify the design and save product terms. 

The programmable AND array contains a total of thirty-two 
product terms. Product terms are arranged In groups of eight. 
The terms in each group can be shared mutually exclusively 
between two output cells. 

Device Programmsr Support 

The PAL10H20P8 can be programmed using the following 
systems: 

Data I/O LogiePak™ V04, P/T Adapter 303A-ECL 

Family Pinout Code 22-42 

Kontron EPP-80, Family Pinout Code 22-42 


Logic Deveiopment Software Support 

The following logic development software packages can be 
used for configuring the PALI 0H20P8: 

PALASM® 2, Ver. 2.19, from Monolithic Memories, Inc. 
ABEL"", Ver. 2.0, from Data I/O Corp. 

Preiiminary Data 

6.0 ns propagation delay 
210 mA maximum I EE current 

Areas of Appiication 

High-performance communication equipment 

Glue logic joining ECL gate arrays 

High-speed test instruments 

Control logic for mainframe and super-mini computers 

Computer-aided graphics 

Pin Configuration 
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This document contains information on a product under development at Monolithic Memories Inc. The information is intended to help you to evaluate this product. 
Monolithic Memories reserves the right to change or discontinue work on this proposed product without notice. 


PAL®, SKINNYDIP® and PALASM® are registered trademarks of Monolithic Memories. 


LogiePak™ and ABEL"“ are trademarks of Data I/O Corp. 
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CMOS ZPAL ” 24 Series 
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Features/Benefits 

• CMOS technology provides zero standby power 

• Lowest power 24-pin PAL® device family; consumes 
only 3 mA/MHz 

• 35 ns maximum propagation delay 

• Programmable replacement for CMOS/TTL logic 

• Reduces chip count by greater than six to one 

• Instant prototyping and easier board layout 

• HC/HCT compatible for use in CMOS or TTL systems 

• Offered over both the Commercial and Industrial 
temperature ranges 

• Low-cost, one-time programmable SKINNYDIP® and 
PLCC packages save board space 

Description 

The CMOS ZPAL24 Series offers the first family of PAL devices 
with true CMOS power consumption. Under standby conditions 
(inputs and clock not changing), the devices consume a maxi- 
mum current of 100 /uA, less than 1% that of the quarter-power 
PALdevices. This low power consumption allows the devices to 
be powered by a battery almost Indefinitely. 

While operating, the devices consume additional power only 
when the inputs or clock change. Power consumption is directly 
proportional to the frequency of changes to the Inputs. Icc 's 
therefore specified as 3 mA per 1 MHz of operating frequency, 
starting from 5 mAat 1 MHz. Thus, the maximum current at 8 MHz 
would be 5 mA + 7x3 mA, or 26 mA. 

The devices have HC and HCT compatible inputs and outputs 
for use in CMOS and TTL systems. This feature allows theZPAL 


Pin Configurations 

ZPAL20L8 ZPAL20R8 



circuits to be used for direct replacement of discrete CMOS as 
well as TTL logic. 


Areas of Appiication 

• Portable computers 

• Battery-operated Instrumentation 

• Low-power industrial equipment 

• Standard CMOS/TTL logic replacement 

Features 

The CMOS ZPAL24 Series includes the four standard 24-pin 
PAL device architectures. All four devices have twenty array 
inputs and eight outputs, with varying numbers of registers; zero 
(20L8), four (20R4), six (20R6), and eight (20R8). The combina- 
torial outputs on the registered devices, and six of the outputs on 
the 20L8, are I/O pins that can be Individually programmed as 
inputs or outputs. Each output register, a D-type flip-flop, also 
feeds back into the array, for implementation of synchronous 
state machine designs. Registered outputs are enabled by an 
external input, while the combinatorial outputs use a product 
term to control the enable function. 

The basic PAL device architecture is a programmable AND array 
feeding af ixed OR array. The programmable AND array consists 
of a set of cells similar to those used in EPROMs. Erasable by UV 
light, the cells can be programmed and erased in the factory to 
ensure 100% programming and functional yields. 

Windowed packages will be made available in the future, allow- 
ing erasure in the field. Windowed packages allow easy proto- 
type testing and reconfiguration. 


ZPAL20R6 ZPAL20R4 



PAL®, PALASM® and SKINNYDIP® are registered trademarks of Monolithic Memories. 

ZPAL’“ is a trademark of Monolithic Memories. ABEL^" is a trademark of Data I/O Corporation. CUPL™ is a trademark of Assisted Technology. 


TWX; 910-338-2376 

217SMissionCollegeBivd.SantaClara,CA95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 mGwnOrteS UUiydi 
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CMOS ZPAL " 24 Series 


Ordering Information 


ZPAL20L8INSSTD 

H 


ZPAL = ' 

Zero-power 
Programmable 
Array Logic 

NUMBER OF INPUTS -■ 


OUTPUT TYPE 

L = Active Low 
R = Registered 

NUMBER OF OUTPUTS - 


PROCESSING 
STD = Standard 
XXXX = Hi-Rei 

- PACKAGE 

NS = Plastic SKINNYDIP 
JS = Ceramic SKINNYDIP 
OS = Windowed SKINNYDIP 
NL = Plastic Leaded Chip Carrier 
L = Leadless Chip Carrier 

- OPERATING CONDITIONS 

C =0°Cto75°C 
I =-40°Cto85°C 
M =-55°Cto125°C 


Programming 

The ZPAL24 Series is programmabie using the same standard 
programmers used for other PAL devices. The CMOS program- 
ming algorithm is different from that for the bipolar PAL devices, 
and requires a different family code. 


PLCC Logic Symbols 

ZPAL20L8CNL 
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Logic Development Software 

The following logic development software packages can be used 
for configuring the ZPAL24 Series: 

PALASM®2, from Monolithic Memories 
ABEL^*", from Data I/O Corporation 
CUPL^", from Assisted Technology 
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This document contains information on a product under development at Monolithic Memories Inc. The information iS intended to help you to evaluate this product. 
Monolithic Memories reserves the right to change or discontinue work on this proposed product without notice. 
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Features/ Benefits 

• User-programmable synchronous state machine 

• 25 MHz maximum frequency for compatibility with 
12.5 MHz processors 

• 14 inputs (8 external), 8 outputs, 128 states 

• PAL® array optimizes product terms and states 

• Internal feedback adds versatility and control 

• Optimized for four-way branching 

• User-selectable asynchronous initialize or asynchronous 
enable function 

• Power-up reset for start-up in known state 

• Diagnostics-On-Chip^** shadow register eases chip and 
board-level testing 

« PROSE device software makes it easy to “write your 
sequencer in PROSE” 

• Programmed on standard logic programmers 

• Security fuse prevents pattern duplication 

« Space-saving 24-pin 300-mll SKINNYDiP® and 28-pin 
PLCC and LCC packages 


Description 

The PMS14R21 programmable sequencer is the first member of 
the PROSE (PROgrammable SEquencer) family. The PMS14R21 
is a high-speed, 14-input, 8-output state machine. It consists of a 
128x21 PROM array preceded by a 14H2 PAL array. The PAL 
array is efficient for a large number of input conditions, while the 
PROM array is optimal for a large number of product terms and 
states. The combination allows a very efficient state machine 
with a large number of inputs and state bits. The PAL array, with 
eight product terms per output, operates on the eight conditional 
and six state inputs to select two control bits to the PROM. Two 
Exclusive-OR gates between the two arrays help to minimize 
product terms and redundant states. Five lines feed back from 
the PROM to form the primary address for the next state. The 
PROM stores up to 128 states of eight outputs and thirteen 
feedback control signals. 

Applications 

• High speed sequential logic 

• Peripheral controller 

• Cache control sequencer 

• Signal processing sequencer 


Block Diagram 


• Industrial control 

DCLK SDI CLK 



Definition of Signals 

10-17 Primary inputs to the PAL array 

_W-Q7 Outputs from the register _ 

T/E Programmable asynchron_ous initialize (I) 

or asynchronous enable (E) 


CLK Clock for output register 

DCLK Clock for diagnostic register 

MODE Selects diagnostic functions 

SDI Serial data input to shadow register 

SDO Serial data output from shadow register 


ABEL™ is a trademark of Data I/O Corporation. 


PAL®, SKINNYDIP® and PALASM® are registered trademarks of Monolithic Memories. 
PROSE™, Diagnostics-On-Chip™ and DOC™ are trademarks of Monolithic Memories. 


TWX: 910-338-2376 


21 75 Mission College Blvd. Santa Clara, C A 950S4-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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PMS14R21/A 


PROSE Part Mumbering System 


PMS14R21 ACNS STD 


PMS = Programmable 
' Memory-based 
Sequencer 



NUMBER OF — 
ARRAY INPUTS 


PROCESSING 
STD = Standard 
XXXX = Hi-Rel 

PACKAGE 

NS = Plastic SKINNYDIP 
JS = Ceramic SKINNYDIP 


OUTPUT TYPE- 
R = Registered 


NL = Plastic Leaded 
Chip Carrier 

L = Leadless Chip Carrier 


NUMBER OF REGISTERS ' 

PERFORMANCE 

Blank = standard 
A = enhanced 


OPERATING CONDITIONS 
C = 0°Cto75°C 
M = -55°Cto125°C 


Diagnostics-On-Chip Feature 

The PMS14R21 is the newest member of the Diagnostics-On- 
Chip family. These devices incorporate a serial shadow register 
on-chip which facilitates board-level testing. The shadow regis- 
ter has a Serial Data Input (SDI), Serial Data Output (SDO) and 
its own clock (DCLK). The MODE control configures the 
shadow register either in parallel with the output register or in 
serial shift mode (see function table). Other devices with this 
feature are listed below. 


Software Support 

PROSE device software from Monolithic Memories provides full 
support for the PMS14R21. Based on PALASM® 2 syntax, the 
software automatically converts a state machine description 
directly Into the PAL and PROM array fuse maps, for download- 
ing to a programmer. The syntax supports both Mealy and 
Moore state machine models, and makes optimal use of the 
features of the PROSE device. Simulation support is also pro- 
vided, both for design checking and for generation of test vec- 
tors for device testing. Additional support is available from third- 
party software vendors, including the ABEL^“ package from 
Data I/O. 


Programming 

Both the PAL and PROM arrays are programmed on standard 
logic programmers using the JEDEC programming format. The 
TiW fuses program from the low to the high state. Programming 
also sets the architectural fuse which selects between asynch- 
ronous initialize or asynchronous output enable; the unpro- 
grammed state is initialize. If asynchronous Initialize is selected, 
asserting the pin low will set all outputs and feedback bits high. 


Diagnostics Family Members 


INPUTS 

OUTPUTS 

OPERATION 

MODE 

SDI 

CLK 

DCLK 

Q20“Qo 

^20"®0 

SDO 

L 

X 

t 

* 

Qn — PROM 

HOLD 

S20 

Load output register from PROM array 

L 

X 

* 

t 

HOLD 

Sn Sp.! 
Sq — SDI 

S20 

Shift shadow register data 

L 

X 

\ 

t 

Qn — PROM 

^n ^n-1 
Sq ^ SDI 

S20 

Load output register from PROM array 
while shifting shadow register data 

H 

X 

t 

* 

Qn-Sn 

HOLD 

SDI 

Load output register from shadow register 

H 

L 

* 

t 

HOLD 

Sn^Qp 

SDI 

Load shadow register from output bus 
and feedback 

H 

H 

* 

t 

HOLD 

HOLD 

SDI 

t No operation 


* Clock must be steady or falling. 

t Reserved operation for 54/74S818 8-Bit Diagnostic Register. 


This document contains information on a product under development at Monolithic Memories Inc. The information is intended to help you to evaluate this product. 
Monolithic Memories reserves the right to change or discontinue work on this proposed product without notice. 


PART NUMBER 

DESCRIPTION 

53/63DA441 

1Kx4 PROM (async. enables) 

53/63DA442 

1 Kx4 PROM (async./sync, enables) 

53/63DA841 

2Kx4 PROM 

53/63D1641 

4Kx4 PROM (async. enable) 

53/63DA1643 

4Kx4 PROM (async. initialization) 

54/74S818 

8-bit register 


Diagnostic Function Table 


Power-up Reset 

Power-up reset is provided for system start-up in a known state. 
It has the same effect as Initialization; all output register bits 
go high. 
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High Speed Programmable Array Logic 
PAL32VX10 PAL32VX10A 


: k / / //////// /////////////////////i////mmDymcE information 


Features/ Benefits 

• 10 input/output macroceils 

• Programmable registered or combinatorial outputs 

• Dual independent feedback paths allow I/O with 
combinatorial or feedback register outputs 

• Programmabie flip-flops allow J-K, S-R, T or D types 

• Programmable output polarity 

• Register set and register reset can be asynchronous or 
synchronous 

• Automatic register preset on power up 

• Varied product term distribution 

• Up to 16 product terms per output 

• Pin compatible functional superset of 22V10 

• Maximum propagation delay 

• 25 ns “A” 

• 35 ns “STD” 

• 24-pln 300-mil-wlde SKINNYDIP® package or 28-pin chip 
carriers save space 

General Description 

The PAL32VX10 is a high-density Programmable Array Logic 
device which implements the familiar sum of products transfer 
function via a user-programmable AND array and a fixed OR 
array. Featured are ten highly flexible input/output macrocells 
which are user configurable for combinatorial or registered 
operation. Each flip-flop is also programmable to be either J-K, 
S-R, T, or D-types for optimal design of state machines and other 
synchronous logic. In addition, a unique dual feedback architec- 
ture allows I/O capability for each macrocell in both combina- 
torial or registered configurations, even when register feedback 
is present, and allows implementation of buried registers while 
preserving the macro input function. Supplied in space-saving 
300-mil-wide dual in-line packages or 28-pin chip carriers, the 
PAL32VX10 offers a powerful, space-saving alternative to 
SSI/MSI logic devices, while providing the advantage of instant 
prototyping over other semicustom approaches. 

The PAL32VX10 is fabricated in Monolithic Memories’ 
advanced, oxide isolated bipolar process for high speed and low 
power. TiW fuse links provide high reliability and programming 
yields. Special on-chip test circuits allow full AC, DC, and 
functional testing before programming. Preloadable output 
registers facilitate functional testing. 

The PAL32VX10 can be programmed on standard PAL® device 
programmers, fitted with appropriate programming modules 
and configuration software. Design development is supported 
by Monolithic Memories’ PALASM®2 software as well as by 
other programmable logic CAD tools available from third-party 
vendors. 


Logic Symbol 



PAL^, PALASM® and SKINNYDIP® are registered trademarks of Monolithic Memories. 

TWX: 910-338-2376 

2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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PAL32VX10 PAL32VX10A 


The PAL32VX10 is a pin-compatible functional superset of the 
22\/10 architecture, with an improved macrocell. Details of the 
PAL32VX10 macrocell are shown in the diagram below. 
Significant features of the macrocell are: 

Dual Feedback Paths. Each macrocell has two completely 
independent feedback paths associated with each macrocell. 
One feeds back into the array from the macrocell output pin. 
The second feeds back into the array from the flip-flop output. 
This architecture provides I/O capability for both combinatorial 
and registered outputs, even when register feedback is needed. 
In addition, it allows registers to be loaded directlyfrom outputs, 
and provides the capability for buried registers, while permitting 
use of the macrocell pin as an input. 

Programmable Flip-Flops. Each macro has an XOR gate which 
provides the capability of emulating the operation of J-K, S-R, T, 
or D flip-flops. When J-K or S-R flip-flops are implemented, the 


available product term resources for each macrocel I are shared 
between J(S) and K(R) functions, according to the expression; 

Q := Q (Ji ... Jm)*/Q+ (Ki ...Kn)*Q 

where (m+n) is the total number of product terms found in each 
macrocell. 

Varied Product Term Distribution. The PAL32VX10 has a 
different number of product terms for each pair of macrocells. 
There are two macros each with 8, 10, 12, 14, or 16 product terms, 
to allow optimal use of the available product term resources. 

Other Features: 

• Macrocells programmable as registered or combinatorial 

• Programmable output polarity 

• Preset and reset can be synchronous or asynchronous 


PAL32VX10 MACROCELL 



PAL32VX10 MACROCELL CONFIGURATION OPTIONS 

The PAL32VX10 can implement any of the architecture options shown 

COMBINATORIAL I/O 

ACTIVE LOW ACTIVE HIGH 
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PAL32VX10 PAL32VX10A 


Logic Diagram 
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Programmable Logic Element Family 


/ / / / /////////////////////////////////////MADVANCE INFORMATION 


Features/ Etenef its 

• Programmable replacement for conventional TTL logic 

• Reduces IC inventories and simplifies their control 

• Expedites and simplifies prototyping and board layout 

• Saves space with 24>pin 0.3 inch SKINNYDIP® packages 
and 28-pin Plastic Leaded Chip Carriers (PLCC) 

• Programmed on standard PROM programmers 

• Reliable TiW fuses guarantee >99% programming yields 

• Test and simulation made simple with PLEASM^" software 

• Proposed JEDEC standard pinout 

• Revised pinout with center VCC and GND for higher 
noise immunity 

Description ’ 

The PLE6P1 6 and PLE6P1 6 are the two newest members of the 
Programmable Logic Element (PLE"“) Family. A PLE device has 
a programmable OR~array, preceded by a fixed AND-array. 
This provides unlimited product terms and programmable 
polarity for each output, while maintaining the high speeds 
necessary for logic applications. The PLE Family complements 
the PAL® (Programmable Array Logic) Family, which has 
programmability in the opposite array. 

The PLE5P16 has five inputs, sixteen outputs, and thirty-two 
product terms per output. The PLE6P16 has six inputs, sixteen 


Logic Symbols 


PLESP16 



Typical Applications 

• Address decoding 

• Random logic replacement 

• Code converters 

• Look-up tables (both trigonometric and arithmetic) 

• Data scaling 


Preliminary Data 


PARAMETER 

PLE5P16 

STANDARD 

tpD(ns) 

15 

•cc ('"A) 

180 


PLE6P16 

STANDARD 


outputs, and sixty-four product terms per output. 

the devices feature low-current PNP inputs and full Schottky 
clamping; the PLE5P16 has three-state outputs with an output 
enable. The fuses store a logical low and are programmed to the 
high state. Special on-chip circuitry and extra fuses provide 
pre-programming testing which assures high programming 
yields and high reliability. 


PLE6P16 



I 


■ 
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PAL* and SKINNYOIP® are registered trademarks of Monolithic Memories. 

PLE^ (Programmable Logic Element) and PLEASM™ are trademarks of Monolithic Memories. 

TWX: 910-338-2376 

2175 Mission Coilegt Bivd. Santa Ciara, CA 95054-1592 Tai: (408) 970-9700 TWX: 910-338-2374 




17-17 







Ordering Information 
PLE Family , 


PROGRAMMABLE -J 

LOGIC 

ELEMENT 

NUMBER OF INPUTS — 

OUTPUT TYPE-"— — - 
P = Non registered 
R = Registered 
RA = Registered 
asynchronous 
enable 

RS =«eglstered 
synchronous 
enable 

NUMBER OF OUTPUTS 

PERFORMANCE — — 
Blank =? Standard 
A = Enhanced 


PLE5P16 A C NS SHRP 

JITTTrTTT Lopt, 


-OPTIONAL PROCESSING 
SHRP = Reliability 
Enhanced 
XXXX = Hi-Rel 

-PACKAGE 

N Piasticdip 
NS = SKINNYDIP plastic 
J = Ceramic dip 
JS - SKINNYD1P ceramic 
NL = Piastic leaded chip 
carrier 

L = Leadiess chip carrier 
F = Flat pack 
W - Cerpack 

-TEMPERATURE RANGE 
C =0°Cto+75°C 
M = -55°C to +125°C 


Block Diagrams (DIP Pinout) 


PLE5P16 
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Features/Benefits 

• Left/Right shift and rotate to any position within 1 cycle 

• Expandable to any muitiples of 16-bit paths 

• Works on sign magnitude and two’s complement shift count 
inputs 

• High speed operation: 

Data to output: 25 ns (max) 

Shift count to output: 30ns(hiax) 


Packaging Information 



Pin Configuration 



• Sticky bit available for floating point rounding operation 

• Bit insert and bypass operations 


677530 


Appiications 

• Mantissa adjustment for floating point addition/ 
subtraction and fixed point scaling in minicomputers, 
mainframes, array processors and digital signai 
processors 

• Positioning non-numeric patterns In image processing, 
word processing and symbol processing systems 

• Impiement a funnei shifter for the Bit Block Transfer 
operation in graphics 

• Impiement a compression-expansion engine using the 
modified Huffman coding method 

• Bit insertion for EDAC appiications 


GNDTI13 


Block Diagram 


SHIFT 

COUNT 

DECODER 


LEFT OR RIGHT 
SHIFT ARRAY 


16-Bit Barrel Shifter Slice 


Monolithic 

Memories 
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677530 


D15-D0 



Y15 = Y0 Ys 


Figure 1. Internal Organization of the 7530 Barrel Shifter Slice 


All data outputs (Y1 5~Y0) can be tristated. This output design is 
crucial to the cascading architecture because outputs from 
different b arrel shifter slices will be tied together in an expanded 
array. The OER. OEL (Output Enable Right/Left) and the LID 
(Location I Dentlf ier) Input signals together determine the enable 
states of each Individual output. 

The F (Fill) Input bit provides the signal to be inserted into the 
outputs. 

The Ys output (Sticky Bit) is provided as an open collector 
output. It is the negation of the logical OR of all the bits shifted 
out during the shift left or shift right operation. 

The FT (Polahty/lnsertion) input is used to complement the 
outputs for all the opcodes except when I = 010 when it is used to 
distinguish between Bit InserT and BYPass operation. 


Description 

The 7530 16-Bit Barrel Shifter Slice is designed to be used as a 
general-purpdse one-cycle shifter in numerical processing and 
symbol processing systems. The basic slice can handle data in 
16-blt packets, shift and rotate to any desired number of 
positions within one cycle. They can also be cascaded together 
to form a barrel shifter function module with longer word length. 
Cascading shifter slices to form a functional module will not put 
additional delays into the datapath. 

The 7530 can p^orm nine different operations. A 3-bit opcode 
(12-10) and the PI (Polarity Insertion) input determines which 
function is to be performed. The shift count for the device is 
determined by the 4-blt input (S3-S0). The entire shifter is 
combinatorial with no Internal states. 
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Architecture 

I As shown in Figure 1, the architecture of the 7530 Barrel Shifter 
I Slice is centered around the internal barrel shifter array and the 
I shift count decoder. The outputs of the array are fed into a mask 
! generator which determines the enable states of each individual 
I data outputs. These enable states are primarily determined by 
the LID (Location IDentifier) input signal that represents the 
location of each shifter slice when they are cascaded. The 
Location IDentifier will transform the actual operation of every 
shifter to make cascading possible. Please refer to the section 
Cascading Architecture for the Barrel Shifter Slice for a detai led 
description. 

I The output control circuitry consists of the polarity control, Fill 
bit insertion and Sticky Bit generation. 

: Two enable inputs, OEL and OER, provide the tristate control to 
the two portions of the output data separated by the left margin 
(D1 5) of the original input data. 

! ' ; r ■ ^ ^ 

j Signal Description 

I D15-D0: Inputs. Input data to the Barrel Shifter Slice. 

I Y15-Y0: Outputs. Output data from the Barrel Shifter Slice. 

I 12-10: Inputs. A 3-bit opcode to select one of nine possible 
operations for the device. Please see Table 1 for further detail. 

S3-S0: Inputs. Shiftcount input. For opcodes OOX or 11X(i.e., 
I2I1I0 = 0, 1, 6 or 7), S3-S0 represent the magnitude of bit 
I positions shifted or rotated. For opcodes 10X (i.e , 1211 lO = 4 or 5), 
i the number of bits to be shifted or rotated is given by the two’s 
I complement of the five-digit number: I2S3S2S1S0. Since 12 = 1 
i in both cases, only sixteen different bit positions (ranging from 
i +1 to +16) are allowed within one cycle. For the opcodes X01 (i.e., 
121110 = 1 or 5), the shift count inputs can be considered in two 
ways: either as a rotate right two’s complement I2S3S2S1S0 
operation or as a rotate left S3S2S1 SO operation when 12 = 0. 


PI: Input. Polarity/lnsertion signal input. This signal serves 
two purposes. When the opcode is 010 (i.e.,J2l1 10 = 2), it is used 
to resolve ^tween Bit InserT operation (PI = 0) and BYPa^ 
operation (PI = 1). When the opcode i£]^n some other states, PI 
determnes the output data polarity (PI = 0 for complemented 
data, PI = 1 for uncomplemented (true) data). 

F: Input. Fill bit input. The value of this input is used to insert 
into positions left empty from shift operations, or insert into the 
designated bit positions for the Bit InserT and FILL operations. 

Ys: Output. The inverse of the sticky bit. This is an open 
collector output signal. Functionally this signal is the negation of 
the logical OR of the bits shifted out injhe shift left/right 
operations. In the Bit Insertion operation, Ys is the negation of 
the input bit that is replaced by the Fill bit. 

LID: Input. Location IDentifier. The input to this pin can 
either be VCC, ground, or left open. In the case when the Input is 
open, there is an internal resistor network to divide this signal to 
2.5 V (VCC/2). The LID signal is used in the expansion scheme 
of the barrel shifter slices. Different barrel shifter slices can be 
cascaded in a two-dimensional array to form a barrel shifter 
module of wider path width. The LID Input signal Is required to 
be one of the above three states according to Its position inside 
the array. 

OEL, OER: Inputs. Output enable left and output enable 
right. These two signals will separately enable the left and the 
right halves of the output data separated by the left margin (D15) 
of the input word. 

GNDE, GNDT: Power supply grounds. GNDE is the internal 
ECL circuit ground and GNDT is the Internal TTL cricuit ground. 
These two ground signals should be routed separately in the 
systern. The ECL ground is more sensitive to noise problems 
and should be bypassed with capacitive components to VCG. 

VCC: Power supply. A +5 V power supply to the internal 
circuit of the Barrel Shifter Slice. 
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Function ISables 


OPCODE 

l2 h lo 

POLARITY/ 

INSERT 

pT 

OPERATION PERFORMED 

IF LID PIN IS “OPEN” 

OUTPUT 

POLARITY 

ALTERNATE OPERATION 

UD = 

Vcc 

LID = 

GND 

MN. 

NAME 

0 

0 

0 

0 

LSH 

LeftSHift 

Complemented 

LRT 

FIL 




1 



True 



0 

0 

1 

0 

LRT 

LeftRoTate 

Complemented 

LRT 

LRT 




1 



True 



0 

1 

0 

0 

BIT 

Bit InserT 

True 

High Z 

HighZ 




1 

BYP 

BYPass 

True 

High Z 

HighZ 

0 

1 

1 

0 

FIL 

FILL 

Complemented 

HighZ 

High Z 




1 



True 

HighZ 

High Z 

1 

0 

0 

0 

RSC 

Right Shift with two’s— 

Complemented 

FIL 

RRC 




1 


Complement shift count 

True 



1 

0 

1 

0 

RRC 

Right Rotate with two’s— 

Complemented 

RRC 

RRC 




1 


Complement rotate count 

True 



1 

1 

0 

0 

RSH I 

Right SHift 

Complemented 

FIL 

RRT 




.1 



True 



1 

1 

1 

0 

■ RRT 

Right RoTate 

Complemented 

RRT 

RRT 




1 

■ 


True 




Figure 1. Shifter instruction Set 
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Monolithic Memories re^rves the right to change or discontinue work on this proposed product without notice. 
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1 6x1 6 Bit CMOS Multiplier 
67C701 6 - 35/- 45/- 55 
67C7017 - 35/- 45/- 55 


/ / / //////// //////////////////////////////////ADVANCE INFORMATION 


Features/ Benefits 

• 16x16 paraSiel multiplier 

• High speed multiply 

- 35 ns Max 7016-35/7017-35 

- 45 ns Max 7016-45/7017-45 

— 55 ns Max 701 6-55/701 7-55 

• Low power CMOS technology 

— Zero standby power 

-- 7 mA per MHz active l^c (TVPical) 

• Mixed mode 2’s complement, unsigned or mixed operand 

• 7017 is optimized for microprocessor systems, 
single clock with register enabies 

• Plug-in compatible with TRW MPY016H/K, AMD29516/A, 
29517/A 

• Singles V supply 

• AifaiiabieinDiPorPLCC 

Functional Block Diagrams 

87C7016 Yi5-Yo/Pi5-Po 


Packaging information 


PART 

NUMBER 

SPEED 

(Tmc) 

PACKAGE 

TEMP 

67C7016-35 

35 ns 

J.N,NL(68) 

Com 

67C7017-35 

35 ns 

J,N.NL(68) 

Com 

67C7016-45 

45 ns 

J,N.NL(68) 

Com 

67C7017-45 

45 ns 

J,N,NL(68) 

Com 

67C7016-55 

55 ns 

J,N,NL(68) 

Com 

67C7017-55 

55 ns 

J,N,NL(68) 

Com 


67C7017 


Yi5-Yo/Pi5-P0 



P3rPl6^Pl5'Po 
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67C701 6 - 35/- 45/- 55 67C701 7 - 35/- 45/- 55 















67C7016 - 35/- 45/- 55 67C7017 - 35/- 45/- 55 
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\ Features/ Benefits 

j • Twos-complement, unsigned, or mixed operands 

• Fuli 32-bit product immediately available on each cycle 
I • High-speed 16x16 parallel multiplier 

• Latched or registered inputs/outputs 

• Three-state output controls, independent for each half of 
the product 

I • Single +5 V supply (via multiple pins) 

• Zero standby power CMOS technology 

j • Available in 84-terminai Leadless-Chip Carrier and 
I 88-Pin-Grid-Array packages 

I Description 

The ’C7555 and 'C7556 are high-speed 16x16 combinatorial 
multipliers which can multiply two 16-bit unsigned or signed 
twos-complement numbers on every cycle. Each operand X 
and Y has an associated mode-control line, XM and YM 
respectively. When a mode-control line Is at a LOW logic level, 
the operand is treated as an unsigned 16-bit number; when the 
mode-control line Is at a HIGH logic level, the operand is 
treated as a 16-blt signed twos-complement number. Addi- 
tional inputs RS and RU allow the addition of a bit into the 
multiplier array at the appropriate bit positions for rounding. 


Ordering Information 


PART NUMBER 

PACKAGE 

TEMPERATURE 

67C7555 

P88, L84 

Com 

67C7556 

P88,L84 

Com 


The entire 32-bit double-length product is available at the 
outputs at one time. 

The most-significant product bit, S31, is available In both true 
and complemented form to simplify longer-wordlength multi- 
plications. The product outputs are three-state, controlled by 
asserti ve-low enables. The MSP outputs are controlled by the 
TRIM (OEM) control inpu t, while the LSP outputs are con- 
trolled by the TRIL (OEL) control input. This allows one or 
more multipliers to be connected to a parallel bus or to be used 
in a pipelined system. 

All inputs and outputs have transparent latches in the ’G7556. 
The latches become transparent when the input to the corres- 
ponding gate control line GX, GY, GM, GL is HIGH. If latches 
are not required, these control inputs may be tied HIGH, leav- 
ing the multiplier fully transparent for combinatorial cascad- 
ing. The device uses a single +5 V power supply, and is availa- 
ble both in an 84-terminal leadless chip carrier (LCC) package 
and in an 88-pin-grid-array package. 



S31 S31 S16 


16-BIT 

MSP 
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SUMMARY OF SIGNALS/PINS 

Xl5-0 

Multiplicand 16-bit data inpu^ 

Y15-0 

Multiplier 16-bit data inputs 

XM, YM 

Mode-control inputs for each data word; 

LOW for unsigned data and HIGH for twos- 
complement data 

S31-0 

Product 32-blt output 

^31 

Inverted MS product bit (for expansion) 

RS.RU 

Rounding inputs for signed and unsigned 
data, respectively 

GX/CX 

Gate contro/clock for Xj, RS, RU 

GY/CY 

Gate control/clock for Yj 

GL/CL 

Gate control/clock for least-significant half 
of product 

GM/CM 

Gate control/clock for most-significant half 
of product 

TRIL 

OEL 

Three-state control for least-significant half 
of product 

TRIM 

OEM 

Three-state control for most-significant half 
of product 


Rounding Inputs 


INPUTS 

ADDS 

USUALLY USED WITH 

RU 

RS 

215 

214 

XM 

YM 

L 

L 

No 

No 

X 

X 

L 

H 

No 

Yes 

Ht 

Ht 

H 

L 

Yes 

No 

L 

L 

H 

H 

Yes 

Yes 

* 

* 


In mixed mode, one of these could be low but not both. 
* Usually a nonsense operaion. 


Mode-Control Inputs 


OPERATING 

MODE 

INPUT DATA 

MODE- 

CONTROL 

INPUTS 

X 15-0 

YiS-O 

XM 

YM 

Unsigned 

Unsigned 

Unsigned 

L 

L 

Mixed 

Unsigned 

Twos-Comp. 

L 

H 

Twos-Comp. 

Unsigned 

H 

L 

Signed 

Twos-Comp. 

Twos-Comp. 

H 

H 


84-TBrminal Leadless Chip Carrier Pinout 


GNDC1 12 
Y0C13 
Y1C14 
Y2C: 15 
Y3C 16 
Y4C 17 
Y5C 18 
Y6C 
Y7C 
VCC2C 
VCC2C 
Y8C 
Y9i: 
Y10C 
Y11C 
Y12C 
Y13C 
Y14C 
Y15C 
YMcal 
GY/CYC 32 


O ixx XXX XX XXXXX XXXXO 

nri n n n n n n n n n n n n n n n n n 

987654321 84 83 82 81 80 79 78 77 76 75\ 

74 □GND 
73 □SO 
72 □SI 
71 □S2 
70 □S3 
69 ^34 
68 □S5 
67 □S6 
66 337 
65DVCC2 
64^VCC1 
63 ^38 
62 □S9 
61 DSIO 
60 DSII 
59 □S12 
58 DSIO 
57 3814 
sehsis 

55 IGL/CL 

54nTR|L/OEL1 

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53> ' ' 

IT D U U U U U U U'D U U U LJ"D U D U U ^ 

O0></}<00)(0(0(0(0(00>(0(0(/>C0(/}(/>0>Z 


67C7555 

67C7556 


Vcci = Output buffer Vqq. 
VcC2 = Logic Vqq. 


All Vqq and GND pins must be connected to the respective Vqq and GND 
connections on the board and should not be used for daisychaining through 
the 1C. 
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88 Pin-Grid-Array 
Pin Location 
Bottom View 


PIN NO. 1 
IDENTIFIER 


@ @ ® @ ® @ ® ® ® ® ® ® 
0 @ ® 



® @ ® ® ® ® ® ® ® ® @ @ 


® 

® 

® 

® 

® 

® 

@ 

® 

® 

® 

® 


Pin-Guide for Pin Grid Array 


PINNUMBER 

PIN NAME 

PIN NUMBER 

PIN NAME 

PIN NUMBER 

PIN NAME 

PIN NUMBER 

PIN NAME 

1 

X9 

23 

N/G* 

45 

S25 

67 

VcC2t 


X10 

24 

Y8 

46 

S24 

68 

N/G* 

3 

XII 

25 

Y9 

47 

S23 

69 

S7 

4 

X12 

26 

Y10 

48 

S22 

70 

S6 

5 

XI 3 

27 

Y11 

49 

S21 

71 

S5 

6 

X14 

28 

Y12 

50 

S20 

72 

S4 

T 

X15 

29 

Y13 

51 

S19 

73 

S3 

8 

XM 

30 

Y14 

52 

S18 

74 

S2 

9 

GX/GX 

31 

Y15 

53 

S17 

75 

SI 

10 

RS 

32 

YM 

54 

SI 6 

76 

SO 

11 

RU 

33 

GY/GY 

55 

GND 

77 

GND 

12 

GND 

34 

N/G* 

56 

TRIL (^) 

78 

N/C* 

13 

YO 

35 

GND 

57 

GL7GL 

79 

GND 

14 

Y1 

36 

TRIM (OEM) 

58 

S15 

80 

XO 

15 

Y2 

37 

GM/GM 

59 

S14 

81 

XI 

16 

Y3 

38 


60 

S13 

82 

X2 

17 

Y4 

39 

S31 

61 

S12 

83 

X3 

18 

Y5- , 

40 

S30 

62 

S11 

1 84 

X4 

19 

Y6 

41 

S29 

63 

S10 

85 

X5 

20 

Y7 

42 

S28 

64 

S9 

86 

X6 

21 

VcC2t 

43 

S27 

65 

S8 

87 

X7 

22 

VcC 2 t 

44 

S26 

66 

Vccitt 

88 

X8 


* Not connected, f Vqq2 " ^09'® '^CC- tt Vq0| = Output buffer Vqq. 

This document contains information on a product underdevelopment at Monolithic Memories Inc. The information is intended to help you to evaluate this product. 
Monolithic Memories reserves the right to change or discontinue work on this proposed product without notice. 
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Package Drawings 


Package Drawing 


Side Brazed Package 



PACKAGE BODY LID LEAD MATERIAL 


Alumina Gold Plated Kovar With Alloy 42 

(Standard Dark) Nickel Underplating 

BONDING WIRE CAVITY/SEAL RING LEAD FINISHES 

1.25 Mil Aluminum Gold Over Nickel Gold Plate (Standard) 

Over Tungsten Solder Dip Over Gold Plate 








Package Drawings 


48D Side Brazed Ceramic DIP 
(1/2 "x2 7/16") 



UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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.590 ± .010 
14.986 ± .254 


.011 +.003 ,^111 
.279 ±.076 ill 
.605 ± .015 
15.367 ± .381 




Package Drawings 


Package Drawing 


Flat Pack 



PACKAGE BODY 
Alumina 

BONDING WIRE 

1.25 Mil Aluminum 


LID 

Gold Plated Kovar With 
Nickel Underplating 

CAVITY/SEAL RING 

Gold Over Nickel 
Over Tungsten 


LEAD MATERIAL 

Alloy 42 

LEAD FINISHES 

Gold Plate (Standard) 
Solder Dip Over Gold Plate 
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Package Drawings 


Package Drawing 

20F Flat Pack 
Mil-M-38510, 

Appendix C, F-9 


PIN NO. 1 




UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawings 


Package Drawing 


CAVITY BONDING WIRE 



DIE (DEVICES) 


LEAD FRAME BONDING WIRE CAP AND BASE 

Alloy 42 1.25 Mil Aluminum Pressed Alumina 


GLASS CAVITY LEAD FINISHES 

Vitreous Gold Over Alumina Solder DIP Over 

Solder Glass For Eutectic Die Attach Matte Tin Plate 








Package Drawings 


Package Drawings 


14J Ceramic DIP 
(5/16''x3/4") 
l\/lil-M-38510, 
Appendix C, D-1 



MIN 




16J Ceramic DIP 

^ .018 ±.004 

(5/16"x3/4") 

.457 ±.102 

Mil-M-38510, 



iviii'‘m-oo9 lu, II 

Appendix C,D-2 


Me 

9 

h 

8 

Ww^ 


.060 ± .004 ^ 


1.524 ±.102 



UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 




Notes: 

1. Specified body dimensions allow for differences between SSI, MSI and 
LSI packages. 

2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 
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Package Drawings 


Package Drawings 

18J Ceramic DIP 
(5/16"x3/4") 

Mil-M-38510, 

Appendix C, D-6 



MIN 



20J Ceramic DIP 
(5/16"xr') 
Mil-M-38510, 
Appendix C, D-8 



UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MiN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 




Notes: 

1 . Specified body dimensions allow for differences between SSI, MSI and 
LSI packages. 

2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 
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Package Drawiii9S 


Package Drawings 

^ .018 ±.004 

24JS Ceramic SKINNYDIP 

(5/16"Xl-1/4") n „ n 

Mil-M-38S10. A A A I' 

.457 ±.102 

!i,AAAAAAAA 

Appendix C, D-9 | 
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24J Ceramic DIP 
Mil-M-38510, 



Notes: 


1. Specified body dimensions allow for differences between MSI and LSI packages. 

2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 
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Package Drawings 


Package Drawing 

40J Ceramic DIP 
(9/16"x2-1/16") 
Mil-M-38510, 

Appendix C, D-5 



.336 ± .025 



.611 

15.519 


.158 ± .016 
4.013 ±.406 ' 

.011 ± .003 
.279 ± .076 


UNLESS OTHERWISE SPECIFIED; 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Notes: 

1. Specified body dimensions allow for differences between MSI and 
LSI packages. 

2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 
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.5541.044 
14.072 ±1.118 



.670 ± .040 
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Leadless Chip Carrier 


crkKiniMr^ u/iDP ccai oiKiri 



TERMINALS 


PACKAGE BODY LID TERMINALS 

Alumina Gold Plated Kovar With Gold Plating Over Tungsten 

(Standard Dark) Nickel Underplating 

BONDING WIRE CAVITY/SEAL RING 

1.25 Mil AlUminurh Gold Over Nickel 

Over Tungsten 
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20L Leadless Chip Carrier 
Mil-M-38510, 

Appendix C, C-2 


8.38 

MAX 


■OiS 
I". 003 


.025 ± .003 Twn 
^^^.-„TYP(20) 




.350 ± .008 


8.890 ± .203 

TOP VIEW 


SQ- 



KJUULJlik 


1.016 

REF 


X45°(3) 


2.540 

BSC 


^BSC 


BOTTOM VIEW 



UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 





1.524 ±.152 


.072 ± .008 
1.829 ± .203 


t riyyyyyii 


BOTTOM VIEW 

Notes: 

1. Solder fillets on lid edges not shown. 
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Package Drawing 

44L Leadiess Chip Carrier 
IVIil>M-38510, 
Appendix C, C-5 




UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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52L Leadless Chip Carrier 
(.750"x.750") 




TOP VIEW BOTTOM VIEW 


.092 ± .009 .080 ± .008 


2.337 ± .229 J 


2.032 ± .203 

J 

L[ 

M I i 1 1 1 1 1 1 1 i 1 i 

n 

r 


UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Notes: 

1. Solder fillets on lid edges not shown. 
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! 68L Leadless Chip Carrier 
I (.950"x.950") 




HTriTiTmTHTnii 


J=- 


.080 ±.008 
2.0321.203 


j 


I 

I .0921.009 
23371.229 


UNLESS OTHERWISE SPECIFIED : 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE 1 .007 INCHES 
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84L Leadless Chip Carrier 
Mil-M-38510 

Appendix C,C-8 . 009±.006 



TOP VIEW 


BOTTOM VIEW 


I 

T 


■092 ± .009 
2.337 ± .229 


.080 ± .008 
2.032 ±.203 





UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Notes; 

1 . Solder fillets on lid edges not shown. 
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Package Drawing 

84L-2 Leadless Chip Carrier (Cavity Down) 
(1.380"x1.380") 



UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MA)C IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Notes: 

1 . Solder fillets on lid edges not shown. 
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84L-2 Socket 



.039 



20.320 

±.100 

in n Ji n jljvjlj 

Ijl n n n 1 ] n jl 



24.000 ±.150 
LOCATION PIN (OPTIONAL)- 

SURFACE MOUNT 


SURFACE MOUNT 


UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Socket ^>ecifications (all values from Yamaichi/Nepenthe data sheet): 

1. Insulation Resistance 1,000 MO minimum at 500 V DC 

2. Dielectric Withstanding Voltage 700 VAC RMS for one (1) minute 

3. Contact Resistance 20 M O maximum at 10 mA, 20 mV 

4. Rated Current Per Contact 1 A maximum 

5. Operating Temperature -55 to +100®C 

6. Contact Force — 85 grams min for each contact 
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LEAD FRAME 

Alloy 42 

GLASS 

Vitreous 
Solder Glass 


Cerpack 




BONDING WIRE CAP AND BASE 

1.25 Mil Aluminum Pressed Alumina 

CAVITY LEAD FINISHES 

Gold Over Alumina Tin Plate 

For Eutectic Die Attach Solder Dip 
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16W Cerpack 
Mil-M-38S10, 
Appendix C, F-5 




(GLASS FLOW) 










11.176 

(GLASS FLOW) 



^ .4121.008 ^ 

1 .075 ± .015 

10.465 ± .203 



1.905 ±.381 








UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 







Package Drawings 


Package Drawing 

Pin Grid Array 




PACKAGE BODY 

LID 

PIN MATERIAL 

Alumina 

Gold Plated Kovar With 

Gold Plated Kovar 

(Standard Dark) 

Nickel Underplating 


BONDING WIRE 

CAVITY/SEAL RING 


1.25 Mil Aluminum 

Gold Over Tungsten 
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Package Drawing 

88P-1 Pin Grid Array (Cavity Up) 
(1.300"x1.300") 


PIN#1 

IDENTIFY 


DIA (88)- 


■670 ± .003 J 
17.018 ± .076 
SQ 


1.300 ± .013 


SQ- 



PIN#1 

IDENTIFY 


77\80 82 83 85 87 1 



0 © © © © 0/© © © © © © 
^©©©©)©©©©©(2f® 

79 81 84 86 ^ 2 5 7 10 (jfQ 
©©73 ° 15©© 

© © 71 18 © © 

@©68 20 ©© 

©@66 22 ©© 

©@64 24©© 

©©62 27©® 

©059 29©© 

© ® 57 51 49 46 44 42 40 37 32 ® © 

Q ©©©©©©0 0 ( 0 ^ 

~ ©[©©©©©©©©[©©J 


50 48 47 45 43 41 39 38 


36 

35 


1.803 ± .152 (87) 


1.200 


30.480 


BOTTOM VIEW 



.273 ± .020 
6.934 ± .508 


UNLESS OTHERWISE SPECIFIED : 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawing 

88P-2 Pin Grid Array (Cavity Down) 
(1.300''x1.300") 



UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Molded DIP 



DIE PAD— y 

! BONDING WIRE 


LEAD FRAME — 


A A A A A ^ 

^ — PACKAGE BODY 



V y y y V y' 


DIE (DEVICE)—/ 



LEAD FRAME 

BONDING WIRE 

PACKAGE BODY 

Copper Alloy 194. 

Copper Alloy Tamac 5. 

1.0 Mil Gold Wire. 

1.25 Mil Gold Wire. 

1.30 Mil Gold Wire. 

Thermoset Plastic. 

LEAD FINISH 

DIE PAD 

DIE BOND 

Solder Dip. 

Spot Silver Plating 
(150 Micro-Inches) 

Silver Filled Epoxy. 
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16N Molded DIP 
(1/4"x3/4'') 



I 18N Molded DIP 
I (1/4"x7/8") 



ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

NOTES: 

1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

2. Both Version 1 and Version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on Version 1 are optional. 
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1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

2. Both version 1 and version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on version 1 are optional. 
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24N Molded DIP 





28N Molded DIP 



NOTES: 


1 . Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2--10 mils thickness to all lead tip dimensions. 

2. Both Version 1 and Version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on Version 1 are optional. 


UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE + .007 INCHES 
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Package Drawings 

40N Molded DIP 
(9/16"x2-1/16") 
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Package Drawings 

48N Molded DIP 
(9/16"x2 13/32") 



UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 


Notes: 

1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

2. Both version 1 and version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on version 1 are optional. 
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Molded Chip Carrier 



LEAD FRAME BONDING WIRE PACKAGE BODY 

Copper Alloy 195. 1 .25 Mil Gold Wire Thermoset Plastic. 

Gopper Alloy Tamac 5. 

LEAD FINISH DIE PAD DIE BOND 

Tin plating. Spot Silver Plating Silver Filled Epoxy. 

Solder Dip. (150 Microinches). 
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28NL Molded Chip 
(.45r’x.451") 




UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawing 


44NL Molded Chip Carrier 
(.650''x.650") 




UNLESS OTHER WiSE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX.'lN INCHES 
ALL DIMENSIONS MIN-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawing 


68NL Molded Chip Carrier 
(.950"x.950'') 





UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawing 

Top Brazed 




PACKAGE BODY 

Alumina 

BONDING WIRE 

1.25 Mil Aluminum 


LID 

Gold Plated Kovar With 
Nickel Underplating 

CAVITY/SEAL RING 

Gold Over Tungsten 


LEAD MATERIAL 

Alloy 42 

LEAD FINISHES 

Gold Plate (Standard) 
Solder Dip Over 
Gold Plate 


HEAT SINK 

Blue Anodized 
Aluminum 

PREFORM 

Conductive Epoxy 
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Package Drawing 

24T Top Brazed Ceramic Dip 
(With Heat Sink) 

(1/2 "x1 1/4") 




UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Power Dissipation Determination 


Introduction 

Thermal resistance for a packaged integrated circuit determines 
the operating temperature, and hence the performance and life- 
time of the semiconductor device. For this reason, it is of interest 
to know the thermal impedance of the package configurations 
commonly In use and the effect of external factors such as air 
circulation and board-mounting conditions on the device 
temperature. To accomplish this end, measurement techniques 
and standards have been established providing certain conven- 
tions for data aquisition. Monolithic Memories has chosen to 
conform to these conventions in measurement and provides 
standard data for thermal impedance in the form of 0jq, 0qa, 
and a provision for obtaining (resistance from junction to 
ambient) as a function of air movement over the package or 
package/board combination. 

Use of Monolithic Memories data 

In this publication data is presented for a variety of packages and 
ambient conditions. In order to simplify the data presentation, 
graphs of vs. airflow are provided for packages in common 

use. These include socket-mounted dual-in-line packages such as 
p-dip, cerdip, and side-brazed packages, board mounted cer- 
packs and flatpacks, and free-standing leadless-chip carriers. 
Since 0QA is a package geometry related function, the user need 
only look up the package type for the air-flow used. With this 
number, and knowledge of the die attach type, the total thermal 
resistance may be determined from the semiconductor junction 


to the ambient. Since the 0 jq Is largely dependent on the 
package type and die attach type, a table has been constructed 
for easy use. (Although 0 jq is a die-size dependent variable for 
eutectic die attach, the effect of 0 jq on 0j ^ is small enough that 
a constant may be used in most cases. For other die-attach 
methods, the thermal resistance was only slightly dependent on 
die size). After obtaining 0 jq and as described above, the 
total thermal resistance, may be found by the addition of 

®JA = ®JC + ®CA 

Notes on the tabulated data 

1. All side-brazed, cerdip-sealed, and molded dual-in-line 
packages were mounted in zero insertion force sockets and 
placed transverse to the airstream. Thermocouples were 
mounted directly to the bottom of the package. 

2. All cerpacks and flatpacks were board mounted in direct 
contact with a double-sided fiberglass-epoxy composite 
printed circuit board. The thermocouple was placed di- 
rectly between the package and the board and fastened to 
the package. 

3. All Lqq packages except the 84 PIN Lqq were freestanding, 
suspended by 28 GA. tinned copper wire soldered to pads 
corresponding to Vqq and GND. The 84 PIN Lqq was 
mounted in a single Insertion socket. Thermocouples were 
attached directly to the bottom of the parts. 


Thermal Impedance Measurement 
Procedure 


Definitipn 

Thermal Impedance of a device is defined as the rise in the junc- 
tion temperature against some reference point per unit of power 
dissipation or it may be described by the formula: 

A Tj (°C) Tj = temperature of junction 

Pd (Watts) Pd = power dissipation 

Theory 

The principle of measuring the Thermal Impedance of a device is 
based on measuring the temperature of the hottest junction on 
the die under power dissipation. This is done by using the sub- 
strate diode to monitor the chip temperature. By reverse biasing • 
and forcing a small forward current (500 /uA) through the device 
under test (between + Vqq and ground), a large number of sub- 
strate diodes become forward-biased. By doing this, the hottest 
substrate diode junction is automatically detected, since it has 
the lowest voltage drop during this forward-biased condition. The 
forward voltage drop across the substrate diode is quite linear 
over a range of 25°C to 100°C. The hottest substrate diode is 
used as a “thermometer” to monitor the chip under power. 

Procedure 

A block diagram of the Thermal Impedance setup is shown In 
Figure 1 . The substrate diode is forward biased by the Constant 
Current Source (-500 /xA). The Vqq is supplied by the Power 
Supply, which is gated at 48.8 cycles/second, with a duty cycle 
of 99.5%. The Vp of the substrate diode is ‘sampled’ by the 


Sample/Hold circuit, which Is gated synchronously with the Vqq 
supply, sampling is done for 40 ;uS, during each 100 wS window 
when the Vqq power supply is OFF. In addition to the Vp readings, 
the case temperature (closest to die attach point) and the 
Ambient temperature are monitored. The power dissipated (Pd) 
by the device is measured by DVM and calculated: 

Pd=lQQXVQQ. 

The device is mounted In a socket within a Wind Tunnel. The air 
speed within the wind tunnel is monitored with an Air Velocity 
meter. The air speed is adjustable from 0 to 1000 feet/mi n. The 
use of a wind tunnel allows us to graph the temperature of the 
die, in relation to the cooling air speed. The worst case 0 ja is at 
0 air speed (STATIC). 

Summary 

The Thermal Impedance measurement can be summarized as 
follows: 

1) . Calibration of the AVp/°C of the D.U.T. This Is done by 

measuring the Vp at two different temperatures with the Vqq 
power supply OFF, and dividing the AVp by the A°C. 

2) . Measurement of AVp under operating conditions, under 

different air flow rates (0, 100, 500, 1000 ft/min.), while 
measuring °C case, °C ambient, Iqq and Vqq. The readings 
are recorded when the change in the case (®C case) 
temperature is less than 2% (of A °C case - °C amb) over a 
time of 30 seconds. 
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3). Calculation of Thermal Impedance 
Symbol of Definitions 

Vpi = Vp @ low temp. cal. point (Vqq OFF) 

Vf 2 = Vp @ high temp. cal. point (VqqOFF) 

^C-i = Case ®C @ low temp. cal. point (Vqq OFF) 
®C2 = Case °C @ high temp. cal. point (Vqq OFF) 
Vp3 = Vp under power, stablized 
0C3 = Case ®C under power, stabilized 
°Ca = Ambient °C 

Pd=lQQXVQQ 


3) ^JC (Junction to case) 

r (Vpi -Vf3) 


®JC = 

/Vfi-Vf 2\ +rCi-°C3) 


_VC2-°Cij 


Pd 

t>) 9 cA = 

(°C3-°Ca) 


Pd 

c) 0JA (Junction to ambient) 


®JA = ®CA + ®JC = — 


°C/W 


Block Diagram 



1) . Digital Thermometer measures °C case and °C ambient 

2) . DVM:J measures Vqq and Iqq 

3) . DVM^ measures Vp of the substrate diode 

4) . BINARY counter creates Aq thru A-j 1 ; 

A0 = 100 kHz, A-i =50kHz, 

A2 = 25 kHz etc. synchronious. 

5) . Timing gate switches the power supply, address buffers, 

and sample/hold circuits. 

6) . Constant current source provides -500 juA to the Vqq pin 

for the Vp measurement. 

7) . The airflow meter measures the air velocity for air- 

flow measurements. 


F = 48.8 Hz 

DUTY CYCLE = 99.5% 


Vcc 


S/H CATE 



„ / 

J. 

20mS — -► 



.n 

L 

i 


Vcc ON 

Vcc OFF (Vf LEVEL) 
ON (SAMPLE) 

OFF (HOLD) 
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Thermal Characterization of Packages 


Introduction 

Thermal resistance for a packaged integrated circuit determines 
the operating temperature and hence the performance and life- 
time of the semiconductor device. Forthis reason, it is of interest 
to know the thermal resistance of the package configurations 
commonly in use and the effect of external factors such as air 
circulation and board-mounting conditions on the device 
temperature. To accomplish this end, measurement techniques 
and standards have been established providing certain conven- 
tions for data acquisition. Monolithic Memories has chosen to 
conform to these conventions in measurement and provides 
standard data for thermal resistance in the form of R^jq (resist- 
ance from junction to case) and (resistance from junction 

to ambient) as a function of air movement over the package/- 
board combination. 

Use of Monolithic Memories Data 

In this publication, data is presented for a variety of packages 
and ambient conditions. In order to simplify the data presenta- 
tion, graphs of vs. airflow are provided for packages in 


common use. These include socket-mounted pin grid arrays, 
dual-in-line p-dip, cerdip and side-brazed packages, board 
mounted cerpacks, flatpacks, leadless-chip carriers and plastic 
leaded chip carriers. 

Resistance from junction to ambient is a package 

geometry and die size related function. The user need only look 
up the package type and die size for the air-f|ow used, Since the 
Rg jQ is largely dependent on the package type and die size, a 
table has been constructed for easy use. 

Notes on the Tabulated Data 

1. All side-brazed, cerd ip-sealed, molded dual-in-line and pin 
grid array packages were mounted in zero insertion force 
sockets and transverse to the airstream. 

2. All cerpacks, flatpacks, LCC and PLCC packages were board 
mounted in direct contact with a double-sided fiberglass- 
epoxy composite printed circuit board. 

3. For measurement of R^ jq, all packages were immersed in a 
constant temperature fluorinert bath. The thermocouple was 
mounted directly to the bottom of the package. 


Thermal Resistance Measurement Procedure 


Definition 

Thermal resistance of a semiconductor device is a measure of 
the ability of its mechanical structure (package) to provide for 
heat removal from the semiconductor element. It is defined as 
the rise in the junction temperature against some reference 
point per unit power of dissipation or it may be described by the 


formula: 


o - Tj-Tr 

P 

R 0 JR = Thermal resistance, junc- 
tion to reference point, in 
°C/watt 

Tj = Junction temperature in °C 
Tr = Reference point tempera- 
ture in °C 

P = Power dissipation 


Thermai Measurement Technique 

Thermal resistance is measured using the temperature sensitive 
parameter (TSP) method. This method takes advantage of the 
linear relation between temperature and voltage drop across a 
p-n junction to measure the average die temperature. Thermai 
resistance measurement can be done either using an actual 
device or with thermal test chips. For the purpose of this study, 
thermal test chips are used. 

Each test chip consists of sensing elements and a heating ele- 
ment. Sensing elements are two sets of diode pairs. One diode 
pair is located at the center of each die and one pair is near a 
corner. The heating element is a polysiliCon resistor which cov- 
ers 95 percent of the die surface area. The resistor extends 
underneath the bond pads but not the sensing elements. 

Initially, diodes are forward biased to a low level current source 
(50 juA) and the voltage drop is calibrated with respect to 
temperature. Then, the resistor is powered and the diode voltage 
drop is monitored until thermal equilibrium is reached. Steady 


state junction temperature is calculated from the calibration 
data. 

For the R^j^^ measurement the device is put in a wind tunnel. The 
ai r speed is adj ustable from 0 to 1 000 feet/m i n . The use of a wind 
tunnel allows us to graph the R^jy^ vs. air flow velocity. Average 
junction to case thermal resistance (R^jq) is measured by 
immersing the package In a constant temperature fluorinert bath 
and sensing steady state junction temperature with case 
temperature being measured at the bottom of the package. 

Summary 


The thermal resistance measurement can be summarized as 

follows: 

1. Calibration of the voltage drop across the sensing element 
with respect to temperature- This is done by measuring the 
voltage drop at several different temperatures with the heat- 
ing power off. 

2. Measurement of voltage drop across the sensing element 
under operating conditions, under various air flow rates 
(from 0 to 1000 linear ft/mln.), while measuring °C ambient 
and power input for calculation of R^j^- 

3. Measurement of voltage drop across the sensing element 
under operating conditions, package immersed in constant 
temperature fluorinert bath, while measuring the case temper- 
ature at the bottom of the package and power input for 
calculation of R^jq- The readings are recorded when the 
package has reached thermai equilibrium. 

4. Calculation of thermai resistance 


a. RfljA- 


Tj-Ta 

P 


t>' R9 jc = 


Tj-Tc 

P 
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Leadless Chip Carriers (L) Packages 



PACKAGE 

DIE SIZE (mils)2 

a^jC (°C/WATT) 

20L 

5,625 

16 

28L(1) 

5,625 

20 

28L(2) 

22,500 

9 

44L 

22,500 

4 

84Lt 

50,625 

4 


* These are typical values for the given die size. 

Other die size values to be supplied in the future. 

Most Monolithic Memories products will be slightly lower, 
■f Cavity up. 
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Plastic Leaded Chip Carrier (NL) Packages 



PACKAGE 

DIE SIZE (mils)2 

RjjC (°C/WATT) 

20NL 

5,625 

35 

28NL 

22,500 

16 

44NL 

22,500 

13 

68NL 

50,625 

8 


* These are typical values for the given die size. 

Other die size values to be supplied In the future. 

Most Monolithic Memories products will be slightly lower. 
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Top Brazed (T) Ceramic Package 



PACKAGE 

DIE SIZE (mlls)2 

R0JC(°C/WATT) 

64T 

50,626 

3 


* These are typical values for the given die size. 

Other die size values to be supplied in the future. 

Most Monolithic Memories products will be slightly lower. 
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Cerpack (W) Packages 



PACKAGE 

DIE SIZE (mils)2 

R?jC CC/WATT) 

16W 

5,625 

21 

18W 

5,625 

17 

20W 

5,625 

15 

24W 

22,500 

4 


* These are typical values for the given die size. 

Other die size values to be supplied in the future. 

Most Monolithic Memories products will be slightly lower. 
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Monolithic Memories World-Wide Applications Support 


U.S.A. 

California 


CanogaPark 

Michael Sholklapper 

(818)710-0664 

Granada Hills 

Mark Kovalik 

(818)341-7257 

San Jose 

Shiri Kadambi 

(408)249-7766 

Joe Kotas 

(408) 249-7766 

Masood Shakeel 

(408)249-7766 

Santa Ana 


Scott Thomas 

(714)543-8664 

Bill McNamara 

(714)543-8664 

Georgia 

Norcross 

Mark Reynolds 

(404) 447-41 19 

Illinois 

Naperville 

Chris Belanger 

(312)961-9200 

Massachusetts 

Framingham 

Gary Smith 

(617)875-7373 

Bob Norling 

(617)875-7373 

Mike Gridley 

(617)875-7373 

Dan Kinsella 

(617)875-7373 

New Jersey 

Steven Traum 

(609) 751-1288 

Scott Dunlop 

(609) 751-1288 

Paul J. Koep 

(609) 751-1288 

Ohio 


Dayton 

Bill Hollon 

(513)866-8928 

Texas 

Barry Seidner 

(214)690-3812 


EUROPE 

England 

Harry Hughes 44-262-51 7431 

Steve Scard 44-252-517431 

Simon Moran-Smith 44-252-517431 
Ian White 44-252-517431 

France 

Michelle Holland 46-8734-62 

MarcGuyonnet 46-8734-62 

Didier Radique 46-8734-62 

Jean Pierre Branchu 46-8734-62 

Germany 

Hans Laurer 49-89-984961 

Raz Sobhani 49-89-984961 

Willy Voldan 49-89-984961 


JAPAN 

Tokyo 

Takao Yamashita 
Mitsunorj Sugai 

Singapore 

Larry Ross 


81-3-207-3131 

81-3-207-3131 

65-225-7544 
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Monolithic Memories Franchised Distributors 


U.S.A. 

Alabama 

Huntsville 

Marshall Electronics 


Group 

(205)881-9235 

Arrow Electronics 

(205)837-6955 

Kierulff Electronics 

(205)883-6070 

Arizona 

Phoenix 

Kierulff Electronics 

(602)437-0750 

Tempe 

Anthem Electronics 

(602)966-6600 

Arrow Electronics 

(602)968-4800 

Marshall Electronics 
Group 

(602)968-6181 

California 

Agoura 

image Electronics 

(818)707-0911 

CanogaPark 

Marshall Electronics 
Group 

(818)509-0001 

Chatsworth 

Anthem Electronics 

(818)700-1000 

Arrow Electronics 

(818)701-7500 

Marshall Electronics 
Group 

(818)407-4100 

Cypress 

Kierulff Electronics 

(714)220-6566 

El Monte 

Marshall Electronics 
Group 

(818)442-7204 

Irvine 

Marshall Electronics 
Group 

(714)458-5311 

Anthem 

(714)768-4444 

Milpitas 

Marshall Electronics 
Group 

(408)943-4600 

Hayward 

Arrow Electronics 

(415)487-4600 

Chatsworth 

Kierulff Electronics 

(213)725-0325 

Sacramento 

Arrow Electronics 

(916)925-7456 

Anthem 

(916)922-6800 

Rancho Cordova 

Marshall Electronics 
Group 

(916)635-9700 

San Diego 

Anthem Electronics 

(619)453-4871 

Arrow Electronics 

(619)565-4800 

Kierulff Electronics 

(619)278-2112 

San Jose 

Anthem Electronics 

(408)295-4200 

Kierulff Electronics 

(408)971-2600 

Sunnyvale 

Arrow Electronics 

(408)745-6600 


Tustin 

Arrow Electronics 

(714)669-4524 

Image Electronics 

(714)259-0900 

Kierulff Electronics 

(714)731-5711 

Colorado 


Aurora 

Arrow Electronics 

(303)696-1111 

Englewood 

Anthem Electronics 

(303) 790-4500 

Kierulff Electronics 

(303)790-4444 

Thornton 

Marshall Electronics 
Group 

(303)451-8383 

Connecticut 


Meriden 

Lionex Corporation 

(203)237-2282 

Wailingford 

Arrow Electronics 

(203)265-7741 

Kierulff Electronics 
Marshall Electronics 

(203)265-1115 

Group 

Florida 

(203)265-3822 

Clearwater 

Arrow Electronics 

(813)576-8995 

Deerfield Beach 

Arrow Electronics 

(305)429-8200 

Fort Lauderdale 

Kierulff Electronics 
Marshall Electronics 

(305)486-4004 

Group 

Orlando 

(305)982-0661 

Marshall Electronics 
Group 

(305)841-1878 

Palm Bay 

Arrow Electronics 

(305)725-1480 

St. Petersburg 

Kierulff Electronics 

(813)576-1966 

Georgia 


Norcross 

Arrow Electronics 

(404)449-8252 

Kierulff Electronics 
Marshall Electronics 

(404)447-5252 

Group 

(404)923-5750 

Illinois 


Itasca 

Kierulff Electronics 

(312)250-0500 

Schaumburg 

Arrow Electronics 

(312)397-3440 

Marshall Electronics 
Group 

(312)490-0155 

Indiana 


Indianapolis 

Arrow Electronics 

(317)243-9353 

Marshall Electronics 
Group 

(317)297-0483 


Kansas 

Lenexa 

Marshall Electronics 
Group 

(913) 492-3121 

Maryland 

Columbia 

Arrow Electronics 

(301) 995-0003 

Lionex 

(301) 964-0040 

Gaithersburg 

Marshall Electronics 
Group 

(301) 840-9450 

Kierulff Electronics 

(301)840-1155 

Linthicum 

Kierulff Electronics 

(301)636-5800 

Massachusetts 

Billerica 

Kierulff Electronics 

(617)667-8331 

Burlington 

Marshall Electronics 
Group 

(617)272-8200 

Wilmington 

Lionex Corporation 

(617) 657-5170 

Woburn 

Arrow Electronics 

(617)933-8130 

Michigan 

Ann Arbor 

Arrow Electronics 

(313) 971-8220 

Grand Rapids 

Arrow Electronics 

(616) 243-0912 

Livonia 

Marshall Electronics 
Group 

(313) 525-5850 

Minnesota 

Edina 

Arrow Electronics 

(612)830-1800 

Kierulff Electronics 

(612)941-7500 

Plymouth 

Marshall Electronics 


Group 

(612) 559-2211 

Missouri 

St. Louis 

Arrow Electronics 

(314)567-6888 

Kierulff Electronics 

(314)739-0855 

New Hampshire 
Manchester 

Arrow Electronics 

(603) 668-6968 

New Jersey 

Clifton 

Vantage Electronics 

(201)777-4100 

Fairfield 

Arrow Electronics 

(201)575-5300 

Kierulff Electronics 

(201)575-6750 

Lionex 

(201)227-7960 

Marshall Electronics 
Group 

(201)882-0320 
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Monolithic Memories Overseas Representatives and Distributors 


ARGENTINA 

Electroquimica Delta 

Timoteo Gordillo 72 
1408 Buenos Aires 
Argentina 

Phone: 9-011-641 -3193 or 641-0449 
Telex: 21212 AREDELTA 

AUSTRALIA 
R & D Electronics Pty Ltd. 

4 Florence St. 

Burwood, Vic. 3125 
Phone:61-3-288-8911 
Telex: AA33288 
Fax:61-3-288-9168 
R & D Electronics Pty Ltd. 

RO. Box57 

Crows Nest, NSW 2065 
Phone:61-2-439-5488 
Telex: AA25468 

AUSTRIA 
Ing. Steiner 

Hummelgasse 14 
1130 Wien 

Phone: 9-011-32-22-8274740 
Telex: 135026 

BELGIUM 
D & D Electronics 

7E Olympiadelaan 93 
2020 Antwerp 
Phone:03-23-8277934 
Telex: 73121 

BRAZIL 

ItauteC Componentes S.A. 

Largo de Arouche No. 24 
9th Andar 
01219 Sao Paulo 
Phone:222-9200 
Telex: 13087 
Fax: 2783043 

DENMARK 

C-88 

Kokkedal Industripark 42A 
DK-2980 Kokkedal-Denmark 
Phone:2-244888 
Telex: 41198 CEIGTYDK 

ENGLAND 

Monolithic Memories Ltd. 

Monolithic House 
1 Queens Road 
Farn borough 
Hampshire 
GU146DJ 

Phone:(0252)517431 
Telex: 858051 MONO UK G 
Fax:44-252-43724 


Analog Devices Ltd. 

Central Avenue 
EastMolesey 
SurreyKT80SN 
Phone:01-941-1066 
Telex: 929962 ANALOGG 
Analog Devices Ltd. 

Executive House 
South Road 
Harlow 

Essex CM202BX 
Phone:9-011-44-24-941-8611 
Telex: 817169 
Analog Devices Ltd. 

5th Floor Hagley House 
Hagley Road 
Edgbaston 

Birmingham B168QG 
Phone:021-455-9395 
Telex: 339752 ANALOG G 
Macro Marketing Ltd. 

396 Bath Road 

Slough 

Berkshire 

Phone: 9-01 1 -44-6286-6301 1 
Telex: 847083 
Microlog Ltd. 

The Cornerstone 
The Broadway 

Woking Surrey GU21 5EZ > 

Phone:(04862)29551 
Telex: 859219 ULOG G 
Rapid Recail Ltd. 

Rapid House 
Denmark Street 
High Wycombe 
Bucks H PI 12ER 
Phone 0494-26271 
Telex: 837931 RAPIDG 
Fax: 21680 

FINLAND 

Instrumentarium Elektronikka 

RO.Box64Vltikka1 
SF-02631 ESPOO 
Phone:9-0-5281 
Telex: 124426 HAVULSF 

FRANCE 

Monolithic Memories France S.A.R.L. 

8, Rue De L’Esterel 

SILIC463 

94613 RungisCedex 
France 

Phone:46-87-34-62 
Telex: 45-60-57-25 


Aimex. 

Zone industrieile— d’Antony 

48 rue de lAubepine 

B.R 10292164AntonyCedex 

Phone:1-46-66-21-12 

Telex: 250067F 

FAX: 1-46-66-60-28 

Composants S.A. 

Avenue Gustave Eiffel 

B . R 81 -33605 Pessac Cedex 

Phone: (33) 56-36-40-40 

Telex: 201905 

FAX: (33) 56-07-64-41 

DatadisS.A. 

10-12 Rue Emile Landrin 

92100 Boulogne 

Phone:9-011-33-9-1-6056000 

Telex: 201 905F 

Dimel 

Le Marino 

Ave. Claude Farrere 

B.R 1153 

83058 Toulon Cedex 
Phone: 94/414963 
Telex: 490093F 
Generim 

Zone d Activities de Courtaboeuf 

Avenue de la Baltique 

RO. Box88 

91943 Les U Ms Cedex 

Phone: 1-69-07-78-78 

Telex: 691700F 

Generim 

24 Avenue De La Houville Blanche 
B.R 1-38170 Seyssi net 
Phone: 9-011-33-1-76-49-491449 
Telex: 320000 
Jermyn S.A. 

Immeubleorix 

16 Avenue Jean Jau res 

94600 Choisy Le Roi 

Phone: 9-011-33-1-8531200 “Chance 

Telex: 260967F 

GERMANY 

Monoiithic Memories, GmbH 

Mauerkircherstrasse 4/11 
8000 Munich 80 
Phone:0-89-984961 
Telex: 524385 MONO D 
Fax:89-983162 
AstronicGmbH 
Winzerstrasse 47D 
8000 Munich 80 
Phone:089-304011 
Telex: 5216187 
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Monolitilic Memories Overseas Representatives and Distributors 


Dr. Dohrenberg VertrieBs & GmbH 

Bayreuther Strasse 3 
1000 Berlin 30 
Phone: 0-30-2138043 
Telex: 184860 

Electronic 2000 VertrieBs GmbH 

Neumarkter Strasse 57 
8000 Munich 82 
Phone: 089-434061 
Telex: 522661 
Nordelektronik GmbH KG 
Harksheiderweg 238-240 
2085 Quickborn 
Phone:04160-4031 
Telex: 214299 
Positron GmbH 
Benzstrasse 1 
Postfach 1140 
7016 Gerlingen-Stuttgart 
Phone:07166-23061 
Telex: 7245266 

Mueller Wuppertal VertrieBs GmbH 

Vereinsstr. 17 
5600 Wuppertal 
Phone: 0202-426016 
Telex: 8591543 

HONGKONG 
GET Ltd. 

10/FHuaHsiaBldg. 

64-66 Gloucester Rd. 

Hong Kong 
Phone:852-5-200922 
Telex: 85148 GET HX 

INDIA 

Micro Aids India 

26/1 Venkata Krishna Road 
RA Puram 
Madras 600028 
Phone: 75757 
Telex: 416617 TRUEIN 
Micro Aids international 
501DVandellWay 
Campbell, CA 95008 
Phone:(408)446-3868 
Telex: 499-3462 

IRELAND 
Micro Marketing Ltd. 

Glenageary Office Park 
Glenageary 
County Dublin 
Eire 

Phone: 856325 
Telex: 31584 (MMI El) 

ISRAEL 

Aviv Electronics Ltd. 

12, Kehilat Venecia St. 

NeotAfeka 
Tel-Aviv 69010 
Phone: 03-494450 
Telex: 33572 M AVIV IL 
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ITALY 

CompreiS.RA. 

Viale Fulvio Test! 115 

20092 Cinisello Balsamo/Milano 

Milano, Italy 

Phone:2-6120641 

Telex: 332484 

JAPAN 

Monolithic Memories Japan KK 

Shinju Nomura Shoken Bldg SF 
5-17-9 Shinjuku 
Shinjuku-Ku 
Tokyo 160 

Phone:81-3-207-3131 

Telex: 232-3390 MMI KKJ 

Fax:81-3-207-3130 

Ado Electronic industrial Co., Ltd. 

Bldg. Sasage7F 

4-6, Soto-Kanda, 2-chome 

Chiyoda-Ku, Tokyo, Japan 101 

Phone:03-257-1025 

FAX: 03-257-1579 

Comtecs Co., Ltd. 

2-19-7 Kigashi-Gotanda 
Shinagawa-Ku 
Tokyo 141 

Phone: (03) 441-7100 
Telex: 242-3509 CTSLEXJ 
Fax: (03) 441-718 

Internixinc. 

Shinjuku Hamada Bldg. 

7-4-7 Nishi-Shinjuku 
Shinjuku-Ku 
Tokyo 160 

Phone: (03) 369-1101 
Telex: J26733 
Fax: (03) 366-8566 
K.Tokiwa&Co. 
Asahi-Seimei-Omori Bldg. 

1-1-10 Omori-Kita 
Shinagawa-Ku 
Tokyo 143 

Phone: (03) 766-6701 
Telex: 246-6821 
Fax: (03) 766-1300 
Nihon Denshikizai Co., Ltd. 

Sanyo Bldg. 

15-22 Hiroshiba-Cho 
Suita City 
Osaka 564 

Phone: (06) 385-6707 
Fax: (06) 330-6814 
Synderdyne Inc. 

Ishibashi Bldg. 

1-20-2 Dogenzaka 
Shibuya-Ku 
Tokyo 150 

Phone: (03)461-9311 
Telex: J32457 
Fax: (03) 461-9854 
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Tokiwa & Co., Inc. of Osaka 

8-13, 3-Chome Ebisu Nishi 

Naniwa-Ku 

Osaka 556 

Phone: (06) 643-3521 

Fax: (06) 644-1400 

Tokyo Denshi Kagaku-Kizai Co., Ltd. 

Dempa Bldg. 3F 

2-4-4 Soto Kanda 

Chiyoda-Ku 

Tokyo 101 

Phone: (03) 257-1361 
Fax: (03) 255-1978 

KOREA 

Kortronics Enterprise 

Rm 307, 9-Dong, B-Block 
#604-1 Guro-Dong, Guro-GU 
Seoul 

Phone:635-1043 
Telex: KORTRONK26759 

NETHERLANDS 
Alcorn Electronics B.V. 

Postbus 358, 2900 AJ 
Capelle A. D. Ijssel Holland 
Esse Baan 1 
Phone:010-519533 
Telex: 26160 

NORWAY 

HenacoA/S 

RO.Box126Kaldbakken 
Trondheimsveien 436 Ammerud 
Oslo 9 

Phone:02-162110 
Telex: 76716 HENACO 

PORTUGAL 

Digicontrole 

Apartado 2-Sabugo 2715 
PeroPinheiro 
Phone:35-1-292-3924 
Telex: 62551 STU REPP 

SINGAPORE 

MMI integrated Circuits Pte. Ltd. 

19 Kepple Road 11-06 
Jit Poh Building 
Singapore 0208 
Phone:65-2267544 
Telex: RS65650 MMI RS 
Fax:65-2246113 
Dynamar International Ltd. 

Unit 05=11, 

12 Lo Rong Bakar Batu 
Kolam Ayer Industrial Estate 
Singapore 1334 
Phone:65-7476188 
Telex: RS26283 DYNAMA 
Fax: 65-747-2648 






Monolithic Memories Overseas Representatives and Distributors 


I Dynamar International 

; RO. Box 5519 
I Incline Village, NV 89450 
I Contact: Bill Cohune 
I Suzanne Willoughby 

j Phone:702-831-1333 
! TWX: 510-100-0226 WESCOMM 
I Fax:702-831-1367 

SOUTH AFRICA 
Promilect Pty Ltd. 

RO. Box 1194 
Randburg 212S 

i Phone: 9-01 1 -27-1 1 -886-2410 
Telex: 424822 

I SOUTH AMERICA 
I Key Source 

j 637 East Argues Avenue 
Sunnyvale, CA 94086 
I Phone: 408-730-0607 


SPAIN 
Amitron S.A. 

Avenida De Valladolid, 47A 
28008 Madrid 
Phone: (34) 1-248-58-63 
Telex: 45550 AMIT-E 
Fax: (34) 1-248-79-58 

Sagitron 

Gastello 25-2 
28001 Madrid 
Phone: 1-402-6085 
Telex: 43819 

SWEDEN 

Naxab 

Box 41 15 
S 17104 Solna 
Phone:08-985140 
Telex: 17912 
Fax: 08-7645451 


SWITZERLAND 
Industrade AG 

Gemsenstrasse 2 
CH 8021 Zurich 
Phone:01-3632230 
Telex: 56788 

TAIWAN 

Sertek International 

3FL, #135 Chien Kuo N. Road, Sec 2 
Taipei, Taiwan R.O.C. 10479 
Phone: 886-2-501-0055 
Telex: 23756 SERTEK 
Fax: 13579MSCGP 
Multitech Electronics Inc. 

1012 Stewart Drive 
Sunnyvale, CA 94086 
Phone:(408)773-8400 
Telex: 352070 
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United Kingdom 
Monolithic Memories, Ltd. 

Monolithic House 
1 Queens Road 
Farnborough, Hants 
England GU146DJ 
Phone 0252-617431 
Telex 858051 MONO UKG 
Fax 44-252-43724 


Singapore 

Monolithic Memories Singapore Pte., Ltd. 

19 Kepple Road 11-06 
Jit Poh Building 
Singapore 0208 
Phone 65-2257544 
Telex RS55650 MM I RS 
Fax 2246113 


Germany 

Monolithic Memories, GmbH 

Mauerkircherstr 4 
D 8000 Munich 80 
West Germany 
Phone 89-984961 
Telex 524385 
Fax 89-983162 


^ Domestic Sales Offices 


Monolithic Memories, Inc. 

4040 Moorpark Avenue, No. 216 
San Jose. CA 95117 
,(408) 249-7766 


Monolithic Memories, Inc. 

1800 East McFadden, No. 110 
Santa Ana, CA 92705 
(714) 543-8664 


Monolithic Memories, Inc. 

One Energy Center, No. 250 
300 East Shuman Blvd. 
Naperville, IL 60566 
(312) 961-9200 


Monolithic Memories, Inc. 

9221 L.B.J, Freeway, No. 116 
Dallas, TX 75243 
(214) 690-3812 


Monolithic Memories, Inc. 

40 Speen Street 
Framingham. MA 01701 
(617) 875-7373 


Other Technical Support Offices 


Canoga Park, CA- 
Norcross, GA 
Cherry Hill, NJ - 
Cincinatti. OH 


( 818 ) 341-7257 
( 404 ) 447-4271 
( 609 ) 751-1288 
( 513 ) 866-8928 


Technical Application Hotline: 
800 - 222-9323 




^ - 

^ .. . ■ -"it. 

Applications for any integrated c ircuits contained in this publication are lor illustration purposes only and Monolithic Memories makes no representation or warranty that such applications -:r- 

be suitable for the use specified without further testing or modltlcaiion , Devices sold by Monolithic Memories are covered by the warranty and patent indemnification provisions appearing in its 
Terms of Sate only Monolithic Memories makes no warranty, express, statutory, implied, or by description regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement m any described application or otherwise and no licenses of any kind are granted or implied under any patent or other right. Monolithic Memories makes no .. r ■ . 
warranty of merchantability or fitness for any purposes. Monolithic Memoriesjteserves the right to discontinue production and change specifications and prices at any time and without notice. 
Monolithic Memories' products are intended for use m normal commercial applications Appiications requiring extended temperature range, unusual environmental requirements, or high j-,,? 
reliability applications, such as military, medical iife-support or life-sustatnmg equipment are apee ificaily NOT recommended without written Monolithic Memories' acceptance and additional 

■ processing for such applications -i 

Copyright^' 1986 Monolithic Memories, Inc Mission College Blvd , Santa Clara. CA 95054-1592. All rights reserved The material contained herein may not be reproduced, adapted. -' 

merged, translated, stored, or used without the prior written consent of the copyright owner. 


Printed in U S.A. 


